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People will spend a large amount of their lifetime indoors where the air is 

filled with both indoor and outdoor allergens. Exposure to allergens can have a range 

of effects on the health of building occupants. Textiles make up a vast majority of the 

surfaces, such as draperies, sofas, pillows, and carpeting that are found in an indoor 

space.  Many of the textile surfaces are often covered by allergens due to their 

tendency to attract allergens which can exacerbate the symptoms of people suffering 

from allergies. The purposes of this study were to determine if there is a relationship 

between fabric parameters such as electrostatic charge and moisture regain on the 

attraction of timothy grass pollen and to determine if various fabric treatments affect 

their allergen attraction.  

Twelve fabrics were exposed to differing amounts of Timothy grass pollen 

and tested for electrostatic cling, and moisture regain. For the pollen exposure 

procedure, fabric samples were exposed to varying amounts of pollen by repeated 

turning of a glass cylinder. Fabric electrostatic cling was measured by following 



 

 

AATCC (115, 2005) Fabric to Metal cling test. Moisture regain for fabric samples 

was measured by following ASTM D 2495-07 (2009) and D 1576-90 (2008).  Acidic 

acid (vinegar), basic (ammonia), and fabric softener, were used to determine if these 

treatments caused any changes of pollen counts on the fabric samples tested. 

The results from this study showed that there was no consistent linear 

relationship between electrostatic charge or moisture regain with pollen count on any 

of the fabric samples tested. Across all trials and treatments, the untreated group had 

the highest average pollen count followed by group that was treated with fabric 

softener, then basic (ammonia), and finally acidic acid (vinegar).When looking at 

individual fiber, wool fabric samples had the lowest pollen count across the fabric 

samples while nylon fabric samples had the highest pollen counts in all the treatments 

with the exception of basic (ammonia) treated polyester fabric samples. As for the 

treatments, the acidic acid (vinegar) treatment on all fabric samples resulted in the 

least amount of pollen attached to the fabric samples.  
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Effects of Fiber Electrostatic Cling and Moisture Regain on Timothy Grass Pollen 

Attraction 

 

 

CHAPTER I 

INTRODUCTION 

 

 

It has been estimated that people spend 80-90% of their lifetime indoors (Simoni, 

Biavati & Carrozzi, 1998). According to the U.S. Environmental Protection Agency 

(EPA), indoor air is 2 to 10 times more polluted than outside air and up to 1,000 times 

more polluted following new construction or renovation (Belew, 2010). Research has 

shown that good indoor air quality can contribute to better cognition, productivity, and 

health (Belew, 2010). Conversely, poor indoor air quality can trigger a variety of 

symptoms, allergies, and diseases (Belew, 2010). Poor indoor air quality is created by 

both natural and chemical allergens (Dales, Liu, Wheeler & Gilbert, 2008). 

 Allergens found in residences and buildings vary with location, geography, 

housing material, season, individual rooms, and occupant lifestyle (Tovey, 2008). 

Common household allergens include pollen, dust mite, cockroach, animal, mold, and 

volatile organic compounds (VOC) (Arshad, 2009).  The amount of allergens inhaled or 

digested is dependent on the location and source (Tovey, 2008).  Exposure to allergens 

has a broad range of effects on building occupants ranging from hay fever to allergic 

asthma ("Allergy overview," 1995). 
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In order to negate the effects of indoor allergens on building occupants, attention 

must be given to allergen exposure reduction methods (Tovey, 2008). Currently, the 

majority of indoor allergen removal is done by filtration systems, vacuuming, and 

laundering (Tovey, 2008). Most household air filters consist of a statically charged non-

woven fibrous web ("Air filtration products," 2012). While the filters do well at removing 

allergens that are within close proximity, there are many areas throughout the space that 

remain unfiltered (Tovey, 2008). Vacuuming is another solution for allergen removal and 

can be easily completed by the young and elderly (Causer, 2004). Vacuuming must be 

completed consistently in order to keep allergen levels low (Causer, 2004). Laundering of 

fabrics can reduce the amount of allergens on the fiber surface but water and detergent 

must be carefully controlled in order to properly remove allergens from surfaces 

(Needles, 1986, p.212).  

Textiles make up a vast majority of the surfaces found in an indoor space and 

many are covered by allergens. These surfaces can include draperies, sofas, carpeting, 

towels, pillows, and many more (Koe, 2007). Textiles have had a long troubled history 

with electrostatic charge in industry (Morton & Hearle, 2008, p. 529). Bill Klein states 

that "charge is a direct result of contact and separation over an area-the larger the area, 

the higher the charge" (Thiry, 2007, p.19). Charged textile materials may attract 

oppositely charged particles of dirt and dust from the atmosphere (Morton & Hearle, 

2008, p. 529).  Also, uncharged surfaces will attract charged particles (Morton & Hearle, 

2008, p. 529). Textile fibers that have low or negative electrostatic charge have low 
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moisture regain while fibers that readily absorb moisture from the air have a positive 

charge (Thiry, 2007, p.19).  

 Common indoor allergens, when large enough, have a positive, negative, or 

neutral charge (Zhang, Zhe, Chandra & Hu, 2005). The experiment by Zhang et al., 

(2005) found that grass pollen particles may have a positive or negative charge but larger 

grass allergen particles are more likely to be positive. Although studies suggested that 

large allergen particles have a surface charge (Zhang, et al., 2005) it is unknown if the 

allergens are attached to textiles through electrostatic charges or through other fabric 

parameters. Therefore this study sought to address the relationship between both fiber 

electrostatic charge and moisture regain on the rate of timothy grass pollen allergen 

attraction. Addressing this gap in knowledge will aid product developers and designers in 

creating either a hypoallergenic or an allergen-attracting textile product. Information 

from this study can also guide consumers to avoid certain textile products that tend to 

attract allergens.  
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Purpose of Study 

 

The long-term goal of this research is to create a cleaner indoor environment for 

allergy sufferers worldwide by means of textile products that will be used as effective 

mediums in mitigating indoor allergens. The purposes of this study were to determine if 

there is a relationship between fabric parameters such as electrostatic charge and moisture 

regain on the attraction of timothy grass pollen and to determine if various fabric 

treatments affect their allergen attraction. Based on the following literature review and 

knowledge of fiber properties, the following objectives and hypotheses have been 

developed: 

Objective #1: Determine the relationship between both electrostatic charge and 

moisture regain on the attraction of timothy grass pollen. Working hypothesis 1: a 

negatively charged fiber will attract more allergens than a positively charged fiber. 

Working hypothesis 2: as moisture regain increases, allergen attraction will decrease.  

Objective #2: Determine the relationship between treatment type and attraction of 

allergen. Working hypothesis 1: The basic treatment will attract more allergens than the 

acidic treatment. Working hypothesis 2: Fabric softener will cause the least amount of 

pollen to be attached to the fabric samples out of the treatments.  
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Rationale 

 

The Asthma and Allergies Foundation of America estimates that 1 out of every 5 

Americans has an allergy (www.afaa.org, 2012). With people spending a large amount of 

their lifetime indoors, a solution needs to be found that can aid in reducing the amount of 

allergens inhaled or digested. By determining what fibers are the best suited for allergen 

attraction or fibers that do not attract allergens, we can lay a foundation for new 

development of an interior textile product to attract allergens and caution consumers to 

avoid certain textile products that may attract indoor allergens. The benefit this research 

has provided is general knowledge of the relationship between fiber type and timothy 

grass pollen attraction.  

 

 

Definition of Terms 

 

1. Allergen-a substance that causes an allergic reaction ("Allergen," 2012) 

2. Allergy- foreign substances managed by the body too energetically and can cause 

severe reactions (Engebretson, 1971). 

3. Atopy-the genetic propensity to develop immunoglobulin E (IgE) antibodies in 

response to exposure to allergens and assessed by a skin prick test (Arshad, Tariq, 

Matthews & Hakim, 2001) 

4. Dope-the chemical solution extruded as a fiber ("Dope,"  2012) 
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5. Electrical conductivity-is the ability to transfer electrical charges due to polar 

groups in the chemical structure (Kadolph, 2007, pg.26) 

6. Fiber-any substance, natural or manufactured, with a high length-to-width ratio 

with suitable characteristics for being processed into a fabric (Kadolph, 2007, pg. 

4) 

7. Fibroin-an insoluble protein comprising the filaments of the raw silk fiber 

("Fibroin", 2012) 

8. Indoor Air quality- Indoor air quality refers to the cleanliness of the air that 

people breathe in residences, offices, schools, and other buildings (Belew, 2010). 

9. Moisture regain or absorbency-the percentage of moisture a bone-dry fiber will 

absorb from the air when at standard temperature and relative humidity (Kadolph, 

2007, pg. 25). 

10. Monomer-a molecule that can be bonded to other identical molecules to form a 

polymer ("Monomer,"  2012) 

11. Textile-a general term used to refer to fibers, yarns, or fabrics or anything made 

from fibers, yarns, or fabrics (Kadolph, 2007, pg. 4) 

12. Triboelectric series-an experimentally determined tabular listing of materials. 

Substances are listed according to the polarity and amount of charge they receive 

after coming in contact and separating (Thiry, 2007). 
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CHAPTER II 

REVIEW OF LITERATURE 

 

Indoor Allergen and Illness 

 

 Allergy Development 

 

In order for an allergic reaction to develop, repeated contact must be established 

between the person and the allergen. Contact occurs from inhalation of air, through the 

gastrointestinal tract, and direct contact with skin (Becker, 1997). The human body has 

developed mechanisms in order to handle these foreign substances (Engebretson, 1971). 

In the case of allergens, these foreign substances are managed by the body too 

energetically and  may cause severe reactions (Engebretson, 1971). The period of contact 

without apparent symptoms is called sensitization. Repeated exposure once sensitization 

has started can increase the chance of severe allergic reactions to indoor allergens 

(Behrendt & Becker, 2001). 

The most common form of allergic reaction spawns from inhalation of allergens 

through the nose or lungs years (Galli, 2000). Inhaled allergens can cause three different 

types of reactions including an acute or immediate reaction, a late phase reaction that 

occurs 2-6 hours after the exposure, and allergic inflammation which can go on for 

months or years (Galli, 2000). Acute reactions such as anaphylaxis or the acute asthmatic 

response can occur in seconds to minutes when the mast cells and basophils are triggered 



8 
 

 

by receptors upon allergen confrontation (Galli, 2000). Late phase reactions are a 

recurrence of signs and symptoms that develop with the recruitment of eosinophils, 

basophils, T helper type 2 cells, and other circulating leukocytes to the sites of the 

allergen confrontation (Galli, 2000). 

The gastrointestinal system plays a vital role in immune regulation and activation 

of tolerance mechanisms against foreign substances (Vighi, Marcucci, Sensi, Di Cara & 

Frati, 2008). Sensitization to allergens occurs across the mucosal surface of the 

gastrointestinal tract (Ormstad, 2000). Exposure to allergens such as dust mite and cat 

dander during the gestational phase can stimulate the production of immunoglobulin E 

(IgE) antibodies (Vighi, et al., 2008). 

While development of allergic symptoms is rare through the skin, pre-existing 

skin damage may play a role in allergy development (Smith Pease, White & Basketter, 

2002). The immediate concern with protein based allergens is their ability to generate an 

IgE respiratory allergic response (Smith Pease, et al., 2002). In order for a protein 

allergen to cause sensitization or an allergic reaction the allergen must first penetrate the 

epidermis (Smith Pease, et al., 2002). Due to cases of skin penetration being extremely 

low the most common effect from protein allergens is skin irritation (Smith Pease, et al., 

2002). 
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Allergy Symptoms 

 

Allergens that cause an overreaction of the body can trigger sneezing, wheezing, 

coughing, and itching ("Allergy overview," 1995). Allergies have been linked to illness 

such as sinusitis and asthma ("Allergy overview," 1995). Common allergic diseases 

caused by indoor air allergens include allergic rhinitis, allergic asthma, atopic dermatitis, 

allergic conjunctivitis, and contact dermatitis ("Allergy overview," 1995). Allergic 

rhinitis also known as hay fever is characterized by sneezing, nasal stuffiness, nasal 

discharge, and itching of the nasal area and mouth ("Allergy overview," 1995). Allergic 

asthma is characterized by airway obstruction and is always associated with an allergy 

("Allergy overview," 1995). Symptoms of allergic asthma include wheezing, shortness of 

breath, coughing, chest tightness and slight pain, and occasional fatigue ("Allergy 

overview," 1995).  Allergic conjunctivitis is the most common form of eye disease that is 

paired with other allergic diseases such as atopic dermatitis, allergic rhinitis, and asthma 

("Allergy overview," 1995). Contact dermatitis is one of the most common skin diseases 

in adults and is characterized by skin inflammation from direct contact with allergens 

("Allergy overview," 1995). 

Symptoms of asthma and allergy due to aeroallergens are major sources of 

morbidity, loss of productivity in sensitized individuals, and increasing healthcare costs 

(Solomon, Burge & Muilenberg, 1983). Asthma mortality in younger age groups has 

decreased over several decades but asthma related mortality rates in the elderly remains 

constant (Moorman, Rudd & Johnson , 2007). 
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Allergy Treatment 

 

Allergy treatment is based on the severity of symptoms, medical history, and 

allergy tests ("Allergy overview," 1995). Allergy sufferers have three different options to 

reduce their symptoms including medication, immunotherapy, and allergen avoidance 

("Allergy overview," 1995).  Medication and immunotherapy are alternatives to those 

who do not wish to move away from the allergen source ("Allergy overview," 1995). 

There are many types of prescription and non-prescription options for those sufferers that 

include eye drops, nasal sprays, creams or ointments, and epinephrine for extreme cases 

("Allergy overview," 1995). Immunotherapy or allergy shots, have gained in popularity 

for sufferers who cannot avoid allergens and when medication does not work ("Allergy 

overview," 1995). The allergy sufferer is given increasingly higher doses of their allergen 

over time ("Allergy overview," 1995). As time goes on the symptoms gradually lessen 

and the sufferer is not as sensitive to the allergen ("Allergy overview," 1995).  

The most effective way in reducing allergy symptoms is by using the allergen 

avoidance method (Tovey, 2008). In order to minimize allergen exposure, control must 

be taken for allergen sources, dust reservoirs, and aeroallergens (Tovey, 2008). Source 

control begins with removing allergen causing agents including cockroaches, rodents, 

fungi, and mites (Tovey, 2008). Other than eradicating allergen sources, the first step in 

allergen avoidance begins with creating barriers against allergen sources by using tightly 

woven mattress encasings with a small pore size (Tovey, 2008). Encasings for mattresses 

with a pore size of 6 microns will completely prevent the passage of mite droppings 
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(Mahakittikun, Jirapongsananuruk, Nochot, Boitano, Tungtrongchitr, 2003).  Eggleston 

(2005) reported that encasing both the mattress and pillows in allergen-impermeable 

materials can reduce allergen concentrations on the surface by 89%. The ideal encasing 

will have the ability to block the passage of dust mites and their allergens from moving 

into and out of the material while remaining easy to launder and comfortable for sleeping 

(Mahakittikun, et al., 2003).   

Removing allergen reservoirs by laundering, vacuuming, and regular cleaning of 

hard surfaces is the second step in avoiding allergens. Laundering is a simple, generally 

available tool that is ideal for removing particles and dissolving allergens (Tovey, 2008). 

Experts have argued that more frequent warm washings are more effective than 

occasional hot washings (Tovey, Taylor, Mitakakis & De Lucca, 2001). Replacing heavy 

draperies with lightweight, washable curtains or shades can further reduce allergen 

exposure (Ehnert, et.al, 1992). Carpets are rich reservoirs of allergens where the most 

common form of cleaning is by wet or dry vacuuming (Tovey, 2008). When possible, 

replace carpet with a hard flooring to reduce allergen build up and aid in movement for 

those with limited mobility (Ehnert, et al., 1992). Mite numbers and allergen 

concentrations have been shown to be consistently lower on hard flooring and more 

easily cleaned compared to soft flooring (Causer, 2004). Furthermore, regular cleaning of 

hard surfaces can remove more than 95% of allergens with electrostatic cloths, surface 

spraying, or a damp cloth (Sercombe, et al., 2002). 

Controlling aeroallergens by improved ventilation and air filtration is the final 

step of the allergen avoidance method (Morris, et al., 2006). Placement of air filters is of 
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the highest importance in successfully reducing allergen exposure (Morris, et al., 2006). 

Regular maintenance and cleaning of air filters can significantly increase the rates of 

filtration throughout the building (Ehnert, et al., 1992). During the winter and summer 

seasons, allergens and other contaminants increase as a result of lack of fresh air 

ventilation (Belew, 2010). Installing casement windows that are easy to move for elderly 

or those with mobility disadvantages will increase fresh air ventilation in the residence 

(Ehnert, et al., 1992). For areas with high humidity installing a dehumidifier or air 

conditioner can bring down the rates of mold and bacteria spores in the air (Ehnert, et al., 

1992). Furthermore, paying close attention to pollen-count forecasts and leaving windows 

closed during high times of pollination can minimize the amount of indoor pollen 

aeroallergens (Rantio-Lehtimaki, 1995). 

 

Vulnerable Groups  

 

It is not uncommon for allergies to manifest from one form to another as age 

progresses (Wickman, 2005). Food allergies and eczema are the most common types of 

allergies found in the early stages of life (Wickman, 2005). High-risk infants of 

developing allergic disease typically start with atopic dermatitis and gastrointestinal 

systems caused by food allergens (Sasai, et al., 1996). After sensitization to food 

allergens, respiratory problems caused by air allergens develop along with the original 

food allergy (Sasai, et al., 1996). The majority of doctor-diagnosed asthmatic children are 

atopic with IgE sensitivity to house-dust mite, cat, dog, and cockroach allergens 
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(Hattevig, et al., 1987). It is common that young children with wheezing symptoms will 

become symptom-free by the time they reach school age (Wickman, 2005). However, 

individuals who do not become symptom-free by school age will have a greater chance of 

displaying symptoms of allergic disease as an adult (Wickman, 2005). Research has 

shown that 30-50% of children with recurrent wheezing during infancy and early 

childhood have developed asthma in late childhood (Høst & Halken, 2000). In previous 

years, the reported recovery rate from childhood asthma before adulthood was estimated 

to be at 50-70%, while recent studies indicate the rate to be at 25% before the age of 42 

(Høst & Halken, 2000).  

A study done on children 18 years and under confirmed a strong association 

between indoor allergen sensitization and development of asthma (Boulet, et al., 1997). 

This study determined that pollen sensitization was more commonly linked with rhinitis 

(Boulet, et al., 1997). Allergies were found to peak in the young adult stage and gradually 

decreased into adulthood (Boulet, et al., 1997). There are no generally accepted criteria 

for levels of allergen that induce sensitization or allergic symptoms (Custovic, et al., 

1998). However, there seems to be a relationship between exposure levels and 

sensitization as well as exposure levels and severity of asthma (Custovic, et al., 1998).  

It is thought that people will often “grow out” of their allergies along with the 

allergen triggers that cause them (Slavin, et al., 2006). Aging brings about a myriad of 

changes to the body (Viswanathan & Mathur, 2011). These changes make the elderly 

more susceptible to adverse health effects associated with poor indoor air quality (Belew, 

2010). The elderly are susceptible to respiratory problems from the indoor environment 
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due to weakened immune systems, reduced rates of vital organ functions, greater amount 

of time spent indoors, decreased mobility, and preexisting conditions may restrict them to 

the indoor environment (Simoni, et al., 2002). A study done by the Epidemiology and 

Natural History of Asthma: Outcomes and Treatment Regimens (TENOR) examined a 

large group of greater than 65 years individuals and found that older asthmatics had lower 

IgE levels which may suggest the decline in allergen induced asthma (Slavin, et al., 

2006). However, the relationship between allergic disease and IgE count still persists in 

certain populations of the elderly (King, et al., 2004). 

Data from the National Health Interview Survey in 2006 showed the prevalence 

of asthma in people aged 65 years or older to be 10.6% ("Lifetime asthma prevalence," 

2009). The number of elderly with asthma is expected to double over the next 20 years 

(Slavin, 2006). However, these figures may not reflect the entire elderly population due 

to under diagnosis and signs of aging such as breathlessness, are often considered before 

asthma (Bellia, Battaglia & Catalano, 2003). 
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Types of Indoor Allergens 

 

Naturally Occurring Allergens 

 

Creature allergens 

 

 Dust mites     The most common house dust mites found in warm and humid 

environments are Dermatophagoides pteronyssinus (der p 1) and Dermatophagoides 

farinaie (der f 1) (Aslian & Platts-Mills, 2001). During their life span mites can produce 

up to 200 times their own weight in allergen-rich fecal pellets (Hamilton, 2005). The Der 

p1 and Der f1 allergens are cysteine proteases with a molecular weight of 25 kDa 

(Fernández-Caldas, 2002). The crystal structure of these cysteine proteases consist of two 

globular domains (Smith, et al., 2000). One domain is composed of three alpha helices 

while the other is a beta sheet structure with two helices at opposite ends (Smith, et al., 

2000). Daily living activities such as sleeping and house cleaning have the greatest effect 

of stirring up dust mite allergens and releasing them into the air (Hamilton, 2005). When 

exposed to dust mite allergen allergic asthma, rhinitis, and conjunctivitis may develop 

(Fernández-Caldas, 2002). Symptoms may vary from mild irritation to an incapacitating 

disease (Fernández-Caldas, 2002). Research has shown that 40-80% of asthmatic 

individuals are sensitized to one or more of these indoor allergens (Fernández-Caldas, 

2002). The most common ways of removal include reducing humidity levels, removal of 

carpets, covering of mattresses, thorough cleaning of sofas and other upholstered 
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furniture, and regular washing of bedding in hot water (Fernández-Caldas, 2002). In 

order for dust mite allergens to adhere to fibers they must be the opposite electrostatic 

charge of the fiber (Hearle & Morton, 2008, p. 531). Otherwise, the allergens will lodge 

in the fibers through force (Thio, Lee & Meredith, 2009).   

 

 Insects     Blattella  germanica the allergen is one of the most important roach 

species in allergy considerations (Tovey, 2008). Bla g 2 is the allergen produced by 

roaches and has a molecular weight of 36 kDa (Smith, Pomes & Chapman, 2000). It is 

classified as an Aspartic protease with a cDNA sequence (Smith, Pomes & Chapman, 

2000). Bla g 2 has a bilobal structure with each lobe comprised of two beta-sheets and 

two short helices (Pomes, Chapman, Vailes, Blundell & Dhanaraj, 2002). The majority of 

insect allergens are comprised of binding proteins that bind with hydrophobic molecules 

(Smith, et al., 2000). The most common sites for cockroach allergen exposures are the 

kitchen, bathroom, or basement near a central heating system where cleaning and 

constant movement can cause the allergens to become airborne (Matsui, Wood & Rand, 

2003). Research has shown that hypersensitivity to cockroach allergens have been linked 

to increased asthma mortality and morbidity (Pomes, Chapman, Vailes, Blundell & 

Dhanaraj, 2002). The most common form of cockroach removal utilizes baits and sprays 

with removal of food and warm breeding areas (Tovey, 2008).  

  

 Fur bearing animals.     Household animals including cats, dogs, mice, and rats 

all produce dander, saliva, and urine that can cause an allergic reaction in humans (Platts-
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Mills, 2001). The salivary glands and hair root glands of the common house cat are the 

major source of Fel d 1. Fel d 1 has a molecular weight of 36 kDa and is composed of 

two polypeptide chains linked by disulfide bonds (Smith, et al., 2000). The Can f 

1allergen produced by household dogs has a molecular weight of 21-25 kDa and is a 

binding protein (Smith, et al., 2000). These allergen are able to adhere to fibers in carpets 

and fairly large sized dust particles (Hamilton, 2005). Binding takes place between the 

outer proteins of the cat allergen and hydrophobic molecules (Smith, et al., 2000). A high 

level of exposure to these allergens can increase risk for sensitization and asthma (Platts-

Mills, 2001). Removal of  Fel d 1and Can f 1 from the residence includes removal of the 

animal, laundering of fabrics, and vacuuming carpets (Tovey, 2008).  Fur bearing animal 

allergens are in the same allergen family as those of insects and roaches (Smith, et al., 

2000). The allergen is comprised of binding proteins that are attracted to hydrophobic 

molecules (Smith, et al., 2000). If binding does not occur between the allergen and fiber, 

the allergen may adhere through force (Thio, Lee & Meredith, 2009).  

 

Non-creature allergens 

 

 Fungi.   Fungi are plant like organisms that consist of long chains of cells called 

hyphae (Hamilton, 2005). Allergens are produced from both the hyphae of the organism 

and emitted spores (Green, et al.,  2005). The fungi that are found in most homes include 

Penicillium and Aspergillus Asp f 1 (Hamilton, 2005). Asp f 1 is considered to be from a 

ribonuclease source with a molecular weight of 18 kDa (Smith, et al., 2000). The major 
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sources of fungi growth include building leaks, condensation, unattended plumbing leaks, 

mold growth on kitchen and bathroom surfaces, hidden food spills, garbage containers, 

and appliance defrost pans (Lawton, et al., 1998). Conventional views are that high 

exposure to these allergens can be hazardous (Green, et al., 2005).  Reducing the relative 

humidity to less than 75% and using a bleach solution on the fungi are the best tools for 

removal (Tovey, 2008).  

  

 Pollen.    The relationship of grass pollen inducing allergic reactions was first 

documented almost 130 years ago by C.H. Blackley (Traidl-Hoffman, et al.,  2003). 

Pollen is the most frequently found form of aeroallergens in indoor environments. Grass 

pollen is the most commonly found in residences (Behrendt & Becker, 2001). There are 

13 groups of grass pollen allergens characterized by size and primary structure 

(Mohapatra, et.al, 2005). Group 1 allergens come from various sources including 

perennial ryegrass, timothy, velvet, Johnson, and Bermuda grass (Mohapatra, et al., 

2005).  The allergens in Group 1 all share a molecular weight of 27-35 kDa, acidic 

glycoproteins and beta-expansins, and cause a 95% reactivity rate in allergy sufferers 

(Mohapatra, et al.,  2005). Pollen grains can absorb materials such as lead, cadmium, 

silica, iron, aluminum, magnesium, and sulfur which may increase the amount of 

pollutants entering the home (Solomon, et al., 1983). The interaction between pollen and 

these materials can change the overall structure and release of the allergen (Behrendt, et 

al., 1997). Until recently, studies have only demonstrated the effects of pollen on the 

respiratory system but new studies indicate evidence that pollen can have a negative 



19 
 

 

effect on the cardiovascular and pulmonary systems as well (Seaton, et al., 1995). 

According to the Asthma and Allergy Foundation of America (AAFA) reducing pollen 

indoors requires keeping doors and windows closed, vacuuming regularly, and washing 

fabrics and upholstery ("Tips to control," 2008). In order for pollen allergens to adhere to 

fibers they must be the opposite electrostatic charge of the fiber (Morton & Hearle, 2008, 

p. 531). It is possible that hydrogen bonding takes place between the fiber and pollen 

particle but more than likely the pollen becomes lodged into the fiber (Thio, Lee & 

Meredith, 2009).  

 

Chemical Allergens 

 

Volatile organic compounds and other 

 

 A volatile organic compound (VOC) contains one or more carbon atoms that 

evaporate into the atmosphere ("Volatile organic compounds," 2010). The main 

contributors to air quality problems are the VOCs created by human activity ("Volatile 

organic compounds," 2010). VOCs created by humans include building materials, 

cigarette smoke, dry-cleaned clothes, room deodorizers, paint, and carpeting (Toren & 

Hermansson, 1999). Exposure is affected by the quantity of VOC in the material, surface 

area of the material, and the depth of the VOCs within the material (Toren & 

Hermansson, 1999). Concentrations of VOCs will increase in the winter months 

compared to summer due to decreased ventilation and air conditioning (Toren & 
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Hermansson, 1999). Research has shown that exposure to these pollutants may increase 

risk of cancer and airway irritations (Guieysse, et al., 2008). The EPA suggests removal 

of air pollutants, using products according to manufacturer directions, proper ventilation, 

and never mixing products as the most effective ways in reducing VOC levels ("An 

introduction into," 2012). 

 

Formaldehyde.    Formaldehyde (CH2O) is an airway irritant that is available as a 

gas or an aqueous solution (Park & Ikeda, 2006). Many wood-based products including 

plywood, particle board, and medium density fiberboard are assembled using 

formaldehyde resins that will eventually off-gas into the indoor environment (Park & 

Ikeda, 2006). Concentrations of formaldehyde are associated with painting, varnishing, 

and acquiring wooden or melamine furniture within the last 12 months (Park & Ikeda, 

2006). Exposure can lead to eye, nose, and throat irritation (Park & Ikeda, 2006). People 

suffering from asthma can have a significant increase in bronchial hyper-responsiveness 

to other allergens due to formaldehyde exposure (Park & Ikeda, 2006). In order to reduce 

the negative effects of formaldehyde use formaldehyde-free wood, electronic products, 

and provide a continuous supply of fresh air where furniture is stored ("Formaldehyde," 

2011).  

 

Nitrogen dioxide.     Nitrogen dioxide (NO2) is produced by unvented gas 

cooking, kerosene and propane space heaters, tobacco smoke, wood heated residences, 

and by penetration from the outdoors (Alberts, 1994). NO2 in large concentrations can 
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penetrate airways causing lung damage, negative respiratory symptoms, and irritate the 

nose and eyes (Alberts, 1994). Studies have shown that higher exposure to NO2 can 

contribute to higher rates of bronchitic and asthmatic symptoms (Alberts, 1994). The 

EPA recommends keeping gas appliances properly adjusted, using proper fuel in 

kerosene space heaters, installing and using an exhaust fan vented over gas stoves, 

inspecting central heating systems regularly, and open flues and fireplaces when in use 

("An introduction into," 2012). 

 

Tobacco smoke.     Cigarette smoke consists of liquid droplets in the particulate 

phase that is suspended in a mixture of gases and semi-volatile compounds (Ingebrethsen, 

1989). It is generally accepted that the particulate phase is retained by a glass fiber filter 

while the gaseous stage is allowed to pass through the filter (Thielen, et al., 2008). The 

International Agency for Research on Cancer (IARC) have established that 12 out of 549 

polynuclear aromatic hydrocarbons (PAHs) in tobacco smoke are carcinogens (Thielen, 

et al., 2008). Living with a smoker increases risk of lung cancer by 20-30% and is also 

associated with a 25-35% increase of developing coronary artery disease ("The health 

consequences," 2006). Minimal exposure to tobacco smoke can cause decreased lung 

function and can lead to other chronic respiratory symptoms (Simoni, et al.,  2002). The 

most effective means of eliminating health risks is by preventing inhalation by staying 

away from smoking areas and use of proper ventilation indoors (Thielen, et al., 2008).  
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Timothy grass pollen regions 

 

The 1200 varieties of grass pollen in North America have a cosmopolitan 

distribution, representing about 20% of the earth’s vegetational cover (Lewis, Vinay & 

Zenger, 1983). Grasses provide the world’s cereal crops, grazing for domesticated and 

wild animals, building materials, aromatic oils for soaps and perfumes, and landscape for 

urban and suburban environments (Lewis, Vinay & Zenger, 1983). Many grasses are 

allergenic and may cause serious allergies (Lewis, Vinay & Zenger, 1983). 

Timothy (phleum pratense) is a well known allergenic grass that belongs in the 

pooideae subfamily (Lewis, Vinay & Zenger, 1983). In temperate zones grasses 

predominantly flower in the summer but some may start as early as spring and extend 

into fall (Lewis, Vinay & Zenger, 1983). Timothy grass may begin to flower as early as 

May and continues August (Lewis, Vinay & Zenger, 1983). Grass pollen frequency 

captured by gravitational techniques indicates that the heaviest aeropollen months range 

from May to October with June and July being the heaviest months (Lewis, Vinay & 

Zenger, 1983). Factors affecting pollen shed and dispersal include temperature, humidity, 

rainfall, and wind speed (Lewis, Vinay & Zenger, 1983). Timothy grass pollen 

predominantly releases large amounts of pollen during the morning hours (Lewis, Vinay 

& Zenger, 1983). Distribution of pollen is affected by both environmental and pollen 

morphology characteristics. Pollen is typically deposited in a nearby location but long-

distance distribution is possible with the right environmental conditions (Lewis, Vinay & 

Zenger, 1983).   
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The experiment by Raynor et al. in 1972 showed that more than 99% of the pollen 

released by Timothy grass was deposited within 1km of the source (Lewis, Vinay & 

Zenger, 1983). Pollen grains are somewhat large (32-45 um) and can be spherical, oval, 

or elliptical in shape (Lewis, Vinay & Zenger, 1983). The pollen surface is finely pitted 

to smooth with little texture (Lewis, Vinay & Zenger, 1983).  Timothy grass is 

widespread throughout the North American continent and is commonly cultivated for 

pasture (Lewis, Vinay & Zenger, 1983). In western Oregon and Washington, grass pollen 

is a great contributor to allergies and distressing sensitized individuals (Lewis, Vinay & 

Zenger, 1983). 

 

Textiles and Allergens 

 

The Role of Textiles 

 

Textiles make up a vast majority of the objects found within an indoor space. 

Some examples of indoor textiles include rugs, carpets, draperies, curtains, upholstery 

fabric and covers, stuffing and batting, fabrics for bedding, pillows, wall coverings, 

trimmings, towels, dryer sheets, and air filters (Koe, 2007, p.22-23). Fibers used in 

interiors include flax, hemp, jute, ramie, sisal, cotton, wool, silk, asbestos, rayon, acetate, 

nylon, polyester, acrylic, and olefin (Koe, 2007, p.21-34). Fiber chemical and physical 

properties vary depending on origin and molecular structure (Needles, 1986, p.2).  
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The majority of interior fabrics originate from plain, twill, and satin basic weave 

structures (Koe, 2007, p.47). Plain weave makes up nearly 80% of all woven fabrics with 

a one up one down weaving action (Koe, 2007, p.47). Twill weave has a distinct diagonal 

rib where each warp yarn passes under and floats over at least two weft yarns but no 

more than four (Koe, 2007, p.48). Satin weave is similar to the twill and is generally 

denser, smoother, and heavier than the other basic weaves (Koe, 2007, p.48). Other basic 

weaves found in interior goods are pile, dobby, jacquard, damask, lisere, lampas, 

brocade, brocatelle, jacquard woven tapestry, and jacquard matelasse (Koe, 2007, p.49-

53). Nonwovens are primarily used for dryer sheets, felt, bonded fabrics, and furnace air 

filters (Koe, 2007, p.54). Knit structures for interior applications include plain, jersey, 

purl, rib, raschel, and tricot (Koe, 2007, p.55). The following paragraphs will review ten 

fiber types commonly found in interior spaces, the origination and use of the multi-fiber 

test cloth, and the fiber properties of electrostatic charge and moisture regain.  

 

 

Review of Fiber Chemical Structure and Properties 

 

Natural fibers  

 

Cotton    Cotton is nearly pure cellulose (Needles, 1986, p.34). The primary and 

secondary hydroxyl functional groups are the predominant reactive groups within 

cellulose (Needles, 1986, p.34). Cotton fibrils lay down in a spiral fashion and make up 
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the convolutions of individual fibers (Needles, 1986, p.35). Cotton has excellent 

resistance to alkalis and is broken down by stronger acids such as sulfuric acid (Needles, 

1986, p.35). A major problem with cotton is the ability of mildew and mold to feed off of 

the fiber which can lead to rotting and weakening of the fibers (Needles, 1986, p.37). 

Since the cellulose that makes up cotton lacks groups that absorb ultraviolet light 

deterioration of the fiber from sunlight is slow (Needles, 1986, p.38).  

The high crystallinity of cotton results in a moderately strong fiber (Needles, 

1986, p.35). The water-attracting nature of cotton causes tensile strength to increase when 

wet (Needles, 1986, p.35). Cotton has poor resiliency, does not typically pill, and is good 

at accepting dyes (Koe, 2007, p.22). Fibers are low in luster unless treated and can resist 

heat at high temperatures (Koe, 2007, p.22). The resistance of cotton to common 

household chemicals, sunlight, and heat make it a durable choice for interior textile 

products (Needles, 1986, p.39). Primary interior applications of cotton include window 

treatments, pillows, upholstered walls depending on type of finish, and trimming (Koe, 

2007, p.22).  

 

Wool    Protein fibers such as wool and silk are formed by natural animal sources 

through condensation of -amino acids to form repeating polyamide units with various 

substituents on the carbon atom (Needles, 1986, p.58). The two major classes of 

natural protein fibers are keratin (hair or fur) and secreted (insect) fibers (Needles, 1986, 

p.58). In general, keratin fibers are highly crosslinked by disulfide bonds from cystine 

residues in the protein chain, whereas secreted fibers tend to have no crosslinks and a 
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limited array of less complex amino acids (Needles, 1986, p.58).  Keratin fibers are 

extremely complex in structure and include a cell matrix surrounded by a cuticle sheathed 

in scales (Needles, 1986, p.58). The fibers have a round cross-section with an irregular 

crimp throughout the fiber (Needles, 1986, p.58). This crimp results in a bulky, textured 

fiber (Needles, 1986, p.58).  Wool is resistant to attacks by acids but is extremely 

vulnerable to attack by weak bases (Needles, 1986, p.62). Reducing agents will 

eventually cause wool to dissolve (Needles, 1986, p.63). Unless wool is chemically 

treated it will fall victim to many species of moths who are able to digest the fibers 

(Needles, 1986, p.63). However, wool is resistant to mildew and other biological agents. 

Wool slowly degrades and yellows from exposure to ultraviolet light (Needles, 1986, 

p.63).   

Wool has a low luster or completely matte appearance depending on the type of 

animal (Koe, 2007, p.22). The fiber is resistant to heat and sunlight (Koe, 2007, p.22). 

Wool accepts dyes and drapes well, but the short fibers tend to pill (Koe, 2007, p.22). 

The overall strength of wool fibers are fair and will lose 25% of strength when wet (Koe, 

2007, p.22). Wool is naturally wrinkle resistant and is fairly abrasion resistant (Koe, 

2007, p.22). The major uses of wool in interiors include upholstery, some wall 

applications, carpeting and rugs, pillows, and trimming (Koe, 2007, p.22). 

  

Silk.    Silk is the thinnest of all natural fibers and is excreted by the moth larva 

Bombyx mori also known as the silkworm (Needles, 1986, p.64).  Both domestic and 

wild silks are essentially uncrosslinked and have relatively simple amino acid 
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composition (Needles, 1986, p.64). The fibroin molecules of silk fibers align themselves 

parallel to one another and hydrogen bond to form a highly crystalline and oriented beta 

structure (Needles, 1986, p.64). Silk has a smooth, translucent surface with an irregular 

diameter along the fiber (Needles, 1986, p.64). The fiber is slowly attacked by acids but 

is damaged by solutions (Needles, 1986, p.65). Strong oxidizing agents rapidly discolor 

and dissolve the silk, whereas reducing agents have little effect on the fiber (Needles, 

1986, p.65). Silk is resistant to biological agents but will rapidly lose strength and yellow 

in sunlight (Needles, 1986, p.65). 

 Silk has high luster, is sensitive to heat, scorches easily, drapes very well, and is 

very sensitive to light when exposed over long periods of time (Koe, 2007, p.22). Silk 

prints well and is good at accepting dye (Koe, 2007, p.22). The fiber is strong when dry 

but can lose 15%  of its strength when wet (Koe, 2007, p.22). Silk has fair abrasion 

resistance and resiliency (Koe, 2007, p.22). Silk is primarily used in indoor window 

treatments when lined, pillows, upholstery, trimming, and upholstered walls (Koe, 2007, 

p.22).  

 

Regenerated fibers 

 

Rayon.   Rayon is regenerated cellulosic material produced from a cellulose 

(wood pulp or cotton waste) solution (Needles, 1986, p.43). The Federal Trade 

Commission defines rayon as a manufactured fiber in which substituents have not 

replaced more than 15% of the hydroxyl hydrogens (Needles, 1986, p.44).  Rayon is 
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produced by three different methods which yield viscose rayon, cuprammonium rayon, 

and cellulose acetate (Needles, 1986, p.43). Of these three, viscose is the least expensive 

and most widely used (Needles, 1986, p.43).  

Viscose rayon is produced from a formation of soda cellulose that reacts with 

carbon disulfide and then is spun into dilute acid to create regenerated cellulose rayon 

fiber (Needles, 1986, p.44). Slow regeneration and stretching of the fiber will cause 

greater areas of crystallinity in the rayon (Needles, 1986, p.44). The crystallites in viscose 

rayon are smaller than those found in cotton (Needles, 1986, p.44). The cross section of 

viscose rayon appears serrated and irregular due to the decomposing and shrinkage of the 

fiber core (Needles, 1986, p.45). The chemical properties of rayon are essentially the 

same as cotton (Needles, 1986, p.48). Rayon is significantly attacked by hydrogen 

peroxide in high concentrations but is generally resistant to other forms of oxidizing 

bleaches (Needles, 1986, p.48).  Mildew does not readily grow on rayon except under 

extreme hot and moist conditions (Needles, 1986, p.49). Prolonged exposure to sunlight 

will degrade the cellulose chains within the fiber and cause a loss in strength (Needles, 

1986, p.49).  

Rayon has high luster and melts under high temperatures (Koe, 2007, p.23). 

Rayon fibers do not pill and can resist light and weathering for short durations (Koe, 

2007, p.23). However, the fiber will eventually yellow (Koe, 2007, p.23). Overall 

strength of the fiber is weak to fair and will lose up to 50% of strength when wet (Koe, 

2007, p.23). The fibers have poor abrasion resistance and resiliency (Koe, 2007, p.23). 

Rayon fibers drape well and dye evenly (Koe, 2007, p.23). The most common 
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applications of rayon in interior textiles are window treatments, upholstery, and trimming 

(Koe, 2007, p.23). 

 

Acetate.   The Federal Trade Commission defines acetate fibers as manufactured 

fibers in which the fiber-forming substance is cellulose acetate (Needles, 1986, p.51). 

Acetate cellulose esters are formed through acetylation of cotton linters or wood pulp 

using acetic anhydride and an acid catalyst in acetic acid (Needles, 1986, p.51). 

Hydrogen bonding between the cellulose chains is all but eliminated in acetate (Needles, 

1986, p.53). If acetate is treated with water, a hydrolization reaction can occur in which 

the acetylation reaction is partially reversed producing a secondary cellulose acetate 

known as cellulose diacetate ("Cellulose acetate", 2012). Diacetate can be dissolved by 

inexpensive solvents and has a lower melting temperature than acetate ("Cellulose 

acetate", 2012). The microscopic structure of acetate is irregular with striations running 

the length of the fiber (Needles, 1986, p.53). Acetate is resistant to dilute acids but is 

attacked by concentrated acids causing hydrolysis and removal of the acetate ester groups 

(Needles, 1986, p.55). The fiber is attacked by strong oxidizing agents but can be 

bleached under proper conditions (Needles, 1986, p.55). Acetate is a high luster fiber in 

filament form (Koe, 2007, p.23). It is greatly affected by heat and light (Koe, 2007, p.23). 

It is a weak fiber with poor abrasion resistance (Koe, 2007, p.23). The fiber drapes very 

well and accepts dyes readily(Koe, 2007, p.23). The major uses of acetate for interior 

textiles include commercial grade upholstery, carpets, window treatments, and 

interlinings (Koe, 2007, p.23).  
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Synthetic fibers 

 

Acrylic.   Acrylic fibers include acrylic, modacrylic, and other vinyl fibers 

containing cyanide groups as side chains (Needles, 1986, p.87). Acrylic fibers are formed 

from copolymers containing greater than 85% acrylonitrile monomer units (Needles, 

1986, p.87). The copolymer found in acrylic is formed through free radical emulsion 

polymerization (Needles, 1986, p.87). In order to make the fiber accept dyes readily, 

comonomers must be introduced to separate the tightly packed adjacent molecular chains 

(Needles, 1986, p.88).  The majority of acrylic fibers are smooth with round cross-

sections (Needles, 1986, p.89). Acrylic fibers have good chemical resistance and are only 

attacked by concentrated acids and slowly broken down by weak bases (Needles, 1986, 

p.90). Sunlight and biological agents have no affect on acrylic fibers (Needles, 1986, 

p.90).  Acrylic has high luster in filament form, melts under high temperatures, pleats and 

drapes well, pills, is resistant to sunlight and weather, and becomes weaker when wet 

(Koe, 2007, p.23). Strength and abrasion resistance of the fiber are fair but resiliency is 

high (Koe, 2007, p.23). The majority of acrylic is used in outdoor furniture cushions and 

when blended with other fibers can be used for indoor upholstery (Koe, 2007, p.23).  

 

SEF (Modacrylic)   Modacrylic fibers are formed from copolymers containing 35-

85% acrylonitrile units and a vinyl comonomer (Needles, 1986, p.87). Compared to 

acrylic, modacrylics are more heat sensitive but are more flame resistant (Needles, 1986, 

p.91). Modacrylic fibers are wet or dry spun from coploymers of acrylonitrile and an 
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appropriate comonomer (Needles, 1986, p.91). The copolymer is formed through free 

radical chain growth emulsion or solution polymerization (Needles, 1986, p.91).  Acetone 

or a similar low-boiling point solvent is used to isolate the copolymer and then is wet or 

dry spun into a fiber with round, dog-bone, crescent, or a polylobal cross section 

(Needles, 1986, p.92). The irregularity of the copolymer structure yields a low 

crystallinity for the fiber (Needles, 1986, p.92). Modacrylic fibers show excellent 

resistance to chemical agents, light, and biological attacks (Needles, 1986, p.93). SEF 

modacrylic fibers possess greater heat stability than other modacrylics (Needles, 1986, 

p.93). Modacrylic fibers possess warm, wool-like aesthetics and have a high luster 

(Needles, 1986, p.93). The fibers have good wrinkle resistance, moderate strength, low 

moisture regain, and good resiliency (Needles, 1986, p.93).  Modacrylic fibers are fairly 

difficult to dye but will remain colorfast (Needles, 1986, p.93). The majority of 

modacrylic fibers for interior use include deep pile carpets, fleece and fur fabrics, 

blankets, and rugs (Needles, 1986, p.93). 

 

Polyester     Polyester fibers contain at least 85% of a polymeric ester of a 

substituted aromatic carboxylic acid (Needles, 1986, p.80). The majority of polyester 

fibers are polyethylene teraphthalate, which is an ester formed by step growth 

polymerization of terephthalic acid and diol ethylene glycol (Needles, 1986, p.80). The 

molecular chains of the polyester are fairly rigid due to the presence of periodic 

phenylene groups along the chain (Needles, 1986, p.81). The fibers are highly crystalline 

unless comonomers are present to interrupt the regularity of the molecular chains 



32 
 

 

(Needles, 1986, p.81). Polyester fibers are straight and smooth with a round or trilobal 

cross section (Needles, 1986, p.81). Polyester is highly resistant to chemical attacks from 

acids, bases, oxidizing, and reducing agents (Needles, 1986, p.83). However, highly 

concentrated acids and bases will degrade the fiber (Needles, 1986, p.83). Exposure to 

sunlight will cause the fiber to slowly lose strength and change color (Needles, 1986, 

p.83). Polyester is resistant to mildew and other biological agents (Needles, 1986, p.83).   

Polyester has high luster, retains heat, pills, and produces static (Koe, 2007, p.23). 

The fiber is resistant to sun and weathering, has high strength and abrasion resistance 

(Koe, 2007, p.23). Primary uses for polyester in interiors include window treatments, 

upholstery when blended with other yarns, a substitute for down in cushions, and 

carpeting (Koe, 2007, p.23).  

 

Nylon    Nylon is formed from polymers of long-chain polyamides (Needles, 

1986, p.69). Fibers with less than 85% of the polyamide units attached directly to two 

aromatic rings constitute nylon (Needles, 1986, p.69). The number of carbon atoms in 

each monomer unit is used as designation for different nylon types (Needles, 1986, p.69). 

Nylon with six carbon atoms in repeating units is termed Nylon 6 and six carbon atoms 

for each monomer would be Nylon 6,6 (Needles, 1986, p.69). The fibers nylon 6 and 

nylon 6,6 are very similar structurally and in physical properties (Needles, 1986, p.69). 

The major differences in the two fibers is the nylon 6,6 dyes lighter, has a higher melting 

point, and has a rougher hand (Needles, 1986, p.70).  
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Nylon 6,6 is created from step growth polymerization of hexamethylene diamine 

and adipic acid (Needles, 1986, p.70). After drying, the nylon is then melt spun into 

fibers (Needles, 1986, p.70). Both nylon 6 and nylon 6,6 are drawn to orient the fibers 

after spinning (Needles, 1986, p.70). The polyamide molecular chains of nylon lay 

parallel to one another in a "pleated sheet" structure similar to silk (Needles, 1986, p.70). 

Nylon fibers are smooth with a trilobal or multilobal cross section (Needles, 1986, p.71). 

The fibers are attacked by acids, bases, and reducing and oxidizing agents under extreme 

conditions (Needles, 1986, p.73). They are unaffected by biological agents but will 

degrade under sunlight and elevated temperatures (Needles, 1986, p.73).  

Nylon is a lustrous fiber that melts under high temperatures, builds up static 

charge, and is not resistant to sunlight under prolonged exposure (Koe, 2007, p.23). 

Strength, abrasion resistance, and resiliency of the fiber make it a prime candidate for 

interior carpeting and rugs. Other applications of nylon include upholstery and window 

treatments (Koe, 2007, p.23).  

 

Polypropylene (Polyolefin)     Polypropylene fibers are produced from polymers 

formed by chain growth polymerization of olefins (alkenes) which contain greater than 

85% polymerized propylene (Needles, 1986, p.95). These fibers are used in most general 

textile applications due to its superior temperature stability (Needles, 1986, p.95). The 

highly linear chains of polypropylene closely pack together and create high crystallinity 

(Needles, 1986, p.95). The fiber surface is usually smooth and has a round cross-section 

(Needles, 1986, p.96). Polypropylene fibers are extremely resistant to chemicals and 
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biological agents (Needles, 1986, p.98). Exposure to sunlight will create oxidation and 

degrade the fiber (Needles, 1986, p.98). Polypropylene is a lustrous fiber with good 

draping and a slightly waxy hand (Needles, 1986, p.98). These fibers have good strength, 

abrasion resistance, are nonabsorbent, and are inexpensive to create (Needles, 1986, 

p.95). Polypropylene fibers are difficult to dye and hold onto oil-based stains (Needles, 

1986, p.98). Interior textiles uses for polypropylene include carpeting and rugs, carpet 

backing, upholstery, seat covers, webbing for chairs, nonwovens, and air filters (Needles, 

1986, p.98).  

 

 

Factors of Textiles Affecting Allergen Attraction 

 

Electrostatic Charge 

 

Electrical conductivity is the ability of a fiber to transfer electrical charges 

(Kadolph, 2007, p.26). Polar groups in the fiber chemical structure determine the 

conductivity of a fiber (Kadolph, 2007, p.26). The ability to build a charge is directly 

related to a fiber's surface area (Thiry, 2007). Whether a material will charge through 

contact with another depends on where the material is located in a triboelectric series 

(Thiry, 2007). Materials are listed according to polarity and amount of charge they 

receive after contact and separation (Thiry, 2007). A material listed higher on the table 

will charge positive after contact and separation  while a material listed lower on the table 
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will charge negatively (Thiry, 2007).  According to AATCC's 2007 Triboelectric Series 

table nylon and wool are at the top of the positive end, followed by silk, cotton, acrylic, 

acetate, rayon, polyester, and polypropylene (Thiry, 2007). Electrostatic charge can be 

significantly reduced when humidity is high (Diaz, 2004). Nearly all synthetic fibers have 

low moisture regain and low electrical conductivity (Bajaj, Gupta & Ojha, 2000). Jeremy 

Smallwood (2007) stated that dry air conditions such as humidity levels below 30% will 

greatly amplify a fibers electrostatic charge. The development of electrostatic charge on 

fibers increases when fibers have low moisture regain  (Bajaj, et al., 2000).   

 

 Moisture Regain 

 

The majority of fibers will absorb moisture (water vapor) from the atmosphere 

(Needles, 1986, p.6). The amount of moisture that is absorbed by the fiber depends on the 

chemical structure, physical properties, and the surrounding temperature and humidity 

(Needles, 1986, p.6). The percentage of moisture regain (MR) is expressed by taking the 

absorbed fiber weight minus the original weight divided by the original weight (Needles, 

1986, p.6). Hydrophobic fibers (water-repelling) have regains near zero and hydrophilic 

(water-seeking) fibers can have a regain as high as 15% (Needles, 1986, p.7). Wool has 

the highest MR at 13-18%, viscose rayon is 12.5%, flax is next with 12%, silk is 11%, 

cotton has a regain of  7-11%, nylon is 2.8-5%, and polyester is the lowest of the fibers 

with 0.4% (Kadolph, 2007, p.30-31).  Fibers with low moisture absorbency typically 

have a negative charge and are low on the triboelectric series (Thiry, 2007). The negative 
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charge of the fibers is likely to attract positively charged allergens (Morton & Hearle, 

2008, p. 529). Fibers with moderate to high moisture regain can readily dissipate static 

build up and may eliminate or greatly reduce a surface electrostatic charge (Morton & 

Hearle, 2008, p. 529). Positively charged fibers are expected to attract negatively charged 

allergens and fibers without an electrostatic charge can attract allergens with an 

electrostatic charge (Morton & Hearle, 2008, p. 529). 

 

Treatments  

 

Vinegar     Considered a weak acid, vinegar (CH3CO2H) when dissolved in 

water, increases the concentration of hydrogen ions, H+, in the solution (Kotz, Treichel & 

Weaver, 2008). Vinegar is considered to be a Bronsted acid meaning that it can donate a 

proton to any other substance (Kotz, Treichel & Weaver, 2008).  If vinegar comes in to 

contact with a positively charged substance it may reduce or (shield) the positive charge 

(Kotz, Treichel & Weaver, 2008).  

 

Ammonia      Considered a weak base, ammonia (NH3) when dissolved in water, 

increases the concentration of hydroxide ions, OH-, in the solution (Kotz, Treichel & 

Weaver, 2008). Household ammonia (NH4+OH-) is a diluted solution of ammonia and 

water (Kotz, Treichel & Weaver, 2008). If household ammonia comes into contact with a 

negatively charged substance it may reduce (shield) the negative charge due to the 

positive ammonium ion of (NH4+) (Kotz, Treichel & Weaver, 2008).  
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Fabric Softener      Fabric softeners coat fabrics to increase electrical 

conductivity, minimize static charge, and decrease fabric stiffness (Kadolph, 2007, 

p.421). Fabric softeners are found in detergent, added to the final rinse cycle, and those 

added to the dryer (Kadolph, 2007, p.421). Softeners have a tendency to build up on the 

surface of fabrics making a greasy layer that decreases absorbency (Kadolph, 2007, 

p.421).   

 

 

Allergen Application, Removal, and Quantification Methods 

 

 This section reviews the most common methods of allergen application, removal, 

and quantification in experiments. All of the following experiments used one or more 

methods for application, removal, and quantification of allergens. 

 

Application 

 

Environment  

 

 The most common form of allergen application is by way of the environment. 

Application can be either from indoor or outdoor functions. The study conducted by 

Zavada, McGraw, and Miller in 2007 was to investigate if common clothing fabrics are 
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effective passive pollen collectors and to determine if different fabrics vary with regard to 

the abundance and type of pollen trapped. Five of the leading selling fabrics for clothing 

with common thread counts (cotton, wool, polyester, silk, linen) were chosen for this 

study (Zavada, et al., 2007). The pollen collecting apparatus was constructed of a circular 

needle point hoop and placed at collection sites for a 24 hour period at weekly or 

biweekly intervals (Zavada, et al., 2007). At the end of the 24-hour period the fabrics 

were collected from each of the sites and kept in sterile pages (Zavada, et al., 2007).  

 The study by Takahashi et al. in 2008 utilized the environment to evaluate the 

amount of pollen entering dwellings by ventilation and adhesion to textile products. The 

experiment examined four routes of entry including clothes, laundry, futons (Japanese 

bedding), and ventilation (Takahashi et al., 2008). Japanese cedar pollen was the allergen 

used in this experiment. The amount of cedar pollen was measured using ELISA on the 

fabrics (Takahashi et al., 2008). Air ventilation was assessed by analyzing the amount 

and distribution of indoor pollen using Vaseline-coated glass slides (Takahashi et al., 

2008). For the clothing experiment, two people wearing a woolen coat and woolen 

trousers spent 8 hours outside and upon returning the coat and trousers were cleaned 

using a vacuum cleaner (Takahashi et al., 2008). For the laundry test, towels and t-shirts 

were hung outside to investigate the amount of pollen adhering to laundry (Takahashi et 

al., 2008). For six hours, four towels and four t-shirts were washed and hung out to dry 

on the roof of an 8-story building in Tokyo (Takahashi et al., 2008). Two sets of towels 

and t-shirts were taken into a clean room and the remaining sets were shaken off outside 

before being taken into the clean room (Takahashi et al., 2008). The futon experiment 
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consisted of two pairs of futons with cotton covers being hung out on the roof of an 8-

story building in Tokyo (Takahashi et al., 2008). The futons were folded in half and then 

hung on a laundry pole (Takahashi et al., 2008). One was carried into the clean room and 

the other was brushed off by hand before being taken into the clean room (Takahashi et 

al., 2008). Each futon was vacuumed and the dust sample was quantified using ELISA 

(Takahashi et al., 2008). The fourth experiment used 6 unoccupied neighboring 

apartments under controlled ventilation conditions (Takahashi et al., 2008). The 

experiment ran for 8 hours daily (Takahashi et al., 2008). In intervals, all windows were 

closed and all the ventilation holes were sealed (Takahashi et al., 2008). Vaseline-coated 

glass slides were placed at grid points on the floor of the experimental area and quantified 

by SEM (Takahashi et al., 2008).  

 

Other 

 

Aerosol Spray     An allergen filled aerosol spray was used to determine the 

efficiency in which pollen is recovered in the study by Zavada et al. (2007). Each of the 

fabrics were suspended in a chamber with 50 mL of allergen solution being sprayed from 

an aerosol can which covered the fabrics and the container (Zavada, et al., 2007). The 

fabrics were removed and washed and the number of pollen grains recovered from the 

fabric was estimated using a haemocytometer (Zavada, et al., 2007). The fabrics were 

then washed a second and third time, each time estimating the number of pollen grains 
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using a haemocytometer (Zavada, et al., 2007). Washing of the fabrics was complete 

when no recordable pollen was recovered from the fabrics (Zavada, et al., 2007).  

  

Blowing     The objective of the study conducted by Agrawal, et al. in 2010 was to 

evaluate the effect of an air cleaner with an electrostatic filter on the removal of airborne 

mite allergens. The efficiency of the electrostatic air cleaner was measured by 

concentrations of HDM particles in a closed chamber and a glass filter collected by a 

constant airflow air sampler (Agrawal, et al., 2010). The second experiment in the study 

was completed in a closed stainless steel chamber that was fed 150mg of allergen 

particles for 1 minute by vacuum pump (Agrawal, et al., 2010).  

  

Brushing     The study conducted by Bull, Morgan, Sagovsky & Hughes in 2006 

sought to determine the persistence of pollen grains on clothing fabrics.  The first 

experiment tested the persistence of pollen grains on various types of material (Bull, et 

al., 2006). For this experiment acrylic, cotton, denim, nylon, polyester, and wool were 

used along with Dutch tulip and daffodil pollen (Bull, et al., 2006). Pollen was brushed 

onto the material swatches that were attached to a coat. The coat was worn both indoors 

and outdoors for a total of seven days (Bull, et al., 2006). The second experiment 

investigated the persistence of four pollen grains (lily, sambucus, pine, and hydrangea) on 

five different materials (acrylic, cotton, wool, nylon tights, and polyester) for a longer 

period of time (Bull, et al., 2006). Small swatches of each material were pinned on outer 

clothing and worn during the day (Bull, et al., 2006). The pollen was brushed horizontally 
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and vertically across the swatches to simulate a person brushing against the flower, rather 

than simulating a case of pollen falling onto the material as in experiment 1 (Bull, et al., 

2006). After designated time periods adhesive taped SEM stubs were used to collect 

particulates from the swatch (Bull, et al., 2006). Additionally, four types of materials 

(cotton, acrylic, wool, and polyester) were washed following pollen deposit (Bull, et al., 

2006). The materials subjected to dry-cleaning, machine washing, and hand washing 

procedures were taped and viewed under SEM (Bull, et al., 2006).  

 

 

Removal 

 

Vacuuming     Vacuuming is the most commonly used method for removing 

allergens from textile surfaces and is often paired with ELISA quantification tests 

(Takahashi et al., 2008). A study conducted by Zuraimi, Ong, Tham & Chew in 2008 was 

to determine allergen concentrations in tropical child care centers (CCC). Samples of dust 

were collected by a vacuum with a chamber for dust collecting onto filter paper from the 

main classroom floor (Zuraimi, et al., 2008). Dust samples were sealed in plastic bags 

and stored in coolers until evaluation (Zuraimi, et al., 2008). A similar study by Custovic, 

et al. in 1998 measured allergens collected on upholstered chairs, carpet, and mattresses 

in 14 hospitals. Samples were collected using a Medivac dust sampler with a mesh screen 

and vinyl filter (Custovic, et al., 1998). Sample areas were vacuumed for 2 minutes and 

measured with ELISA (Custovic, et al., 1998).  Another similar study conducted by 
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Farioli, Marraccini, Pagani, Parmiani, and Bocchi in 2001 measured dust samples on 

several surfaces and the new microfiber fabric Contralin. Thirty dust sources were 

sampled with a dust-sampling device (DUSTSCREEN Dust-Colletor TM) according to 

factory instructions (Farioli, et al., 2001).  Sixteen additional sources were sampled in 

different areas protected with Contralin (Farioli, et al., 2001). Dust samples were weighed 

to assess allergen type and dust quality (Farioli, et al., 2001). Surface total allergen 

exposure was reported as mg allergen/surface vacuumed for a standard time (Farioli, et 

al., 2001).    

 A vacuum can also be used to pull allergens through a fabric. The dust samples in 

the experiment by Peroni et al. were pulled through the different fabrics using a modified 

Fussnecker (Springfield, OH, USA) dust trap and collected by filter located below the 

fabric (2004). Similarly, dust was pulled through individual fabrics with a Fussnecker and 

the fabric was vacuumed for 5 minutes in the Vaughan, et al. study (1999). Airflow and 

pressure readings were also reported before and after vacuum use (Vaughan, et al., 1999). 

 Vacuum cleaner bags and filters are used widely to test the amount of allergens on 

a surface or in the environment. The study by Blay, et al. in 1998 aimed to determine the 

amount of cat allergen leakage from various vacuum filters into the built environment. 

Five vacuums were used for the experiment: two of them with normal filters and three 

with antiallergenic filters (Blay, et al., 1998). The study examined two environments 1) 

an airtight experimental room and 2) an apartment living room with three cats (Blay, et 

al., 1998). Similarly, the study by Mahakittikun, et al. in 2008 collected dust mite 

allergen from vacuum cleaner bags and three grams of it were kept for encasement testing 
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(Mahakittikun, et al., 2008). Samples were vacuumed for 2 minutes and allergen 

concentration was determined by ELISA (Mahakittikun, et al., 2008).   

 

Adhesive tape     Adhesive tape is a fairly common allergen removal method for 

textile surfaces. Tape is most widely used in conjunction with a microscope for 

quantifying allergens (Bull, et al., 2006). The study by Bull et al. in 2006 used adhesive 

tape strips mounted on SEM stubs to collect pollen that had been brushed on individual 

fabric swatches (Bull, et al., 2006). Each adhesive tape section was cut into a .5cm2 piece 

and attached to an electron microscope stub for viewing (Bull, et al., 2006). The samples 

were viewed by SEM at x70 and the pollen grains were counted (Bull, et al., 2006). A 

second experiment in the Bull et al. study used adhesive taped SEM stubs to collect four 

different types of pollen from the fabric swatch for SEM quantification (2006).  

 The Press Tape Sampler (PTS) was created in the study by Sercombe, Liu-

Brennan, Garcia & Tovey in 2005. The PTS consisted of a 5cmx5 cm piece of tack 

adhesive mounted on cardboard (Sercombe, et al., 2005). The adhesive tape was pressed 

onto 10 different sites on 16 different carpets with varied pile, weave, and materials 

(Sercombe, et al., 2005). The weight of the dust collected was measured and the allergens 

were then extracted (Sercombe, et al., 2005). A similar method developed in this study 

was the Electrostatic Cloth (ECS) sampler which consisted of an electrostatic cleaning 

cloth adhered to a stiff cardboard backing (Sercombe, et al., 2005). The ECS was rubbed 

on the sample surface for 1 minute and the weight of the collected dust was recorded 

(Sercombe, et al., 2005).  
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Other 

 Commercial Product    The study conducted by Sercombe et al. in 2005 used four 

different methods to collect dust mite allergen from 16 domestic carpets. Two of the 

methods used are available commercially: the Indoor Biotechnologies Mitest Dust 

Collector and the Drager Bio-Check Allergen control (Sercombe, et al., 2005). For the 

Mitest Dust Collector tests four sites were sampled at random for 2 minutes. Samples 

were then removed, weighed, and quantified (Sercombe, et al., 2005).  

 

 

Quantification 

 

ELISA     ELISA (enzyme linked immunosorbant assay) uses antibodies and color 

change to identify a substance and is commonly used for quantifying allergens on 

surfaces (Takahashi et al., 2008). The study conducted by Smedje & Norback in 2001 

sought to establish the influence of furnishings and cleaning on the air quality in schools. 

Classrooms were randomly chosen and tested for dust, CO2, formaldehyde, and other 

VOCs (Smedje & Norback, 2001). Each classroom was vacuumed for 4 minutes equally 

divided among desks, chairs, and floor (Smedje & Norback, 2001). The sample dust 

passed through a sieve containing a filter and the fine dust was then measured. Allergens 

were quantified through ELISA, using monoclonal antibodies and SEM (Smedje & 
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Norback, 2001). ELISA testing is also used in conjunction with SEM quantification as 

indicated by the studies from Peroni, et al. in 2004 and Bull et al. in  2006.  

 

Microscope 

 

Quantification of allergens on surfaces can be completed by a scanning electron 

microscope (Ruszkowski,, et. al., 2005), optical microscope (Takahashi et al., 2008), and 

stereoscope (Mumcuoglu, Gabbay & Borkow, 2008).  The experiment performed by 

Mumcuoglu, et al. in 2008 sought to add copper to fabrics in order to eliminate or kill 

dust mite colonies. The study used cellulosic fabric swatches that were permanently 

plated with CuO to test for antifungal efficacy against dust mites (Mumcuoglu, et al., 

2008). CuO-containing swatches and control fabrics were glued to the bottom of a mite 

infested plate and mite mortality was recorded every 2-4 days under a stereo-microscope 

(Mumcuoglu, et al., 2008). 

 Additionally, the study by Mahakittikun, et al. in 2008 used several methods to 

test the permeability of fabrics from dust mites. The heat escape method forced dust 

mites into fabric by a 100-W bulb (Mahakittikun, et al., 2008). Mite behavior was 

observed under a stereomicroscope (Mahakittikun, et al., 2008). The Siriraj method was 

used to determine the ability of different encasing materials to block actual mites 

(Mahakittikun, et al., 2008). The Siriraj chamber is a recently developed apparatus to 

restrain mites and other small living insects (Mahakittikun, et al., 2008). It is a 

5cmx5cmx3cm box with a plastic sheet insert top (Mahakittikun, et al., 2008). Twenty 
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adult mites were placed in the middle of the encasement in the apparatus and locked in 

for 1 week (Mahakittikun, et al., 2008). Inspection of the mites and encasement was 

performed by stereomicroscopy and SEM (Mahakittikun, et al., 2008).   

 

Other 

Commercial Products     The study by Saijo, et al., in 2007 compared two 

commercially available dust mite allergen tests to clarify which is better for practical use. 

The two tests used were Acarex test and Mitey Checker which are readily available in 

Japan (Saijo, et al., 2007). Samples for the two allergen tests included mattresses, hard 

flooring, carpeting, sofas, and buildings (Saijo, et al., 2007). For both the Acarex test and 

Mitey Checker several 100cmx100cm templates were placed on each surface that had not 

been cleaned for 24 hours (Saijo, et al., 2007). The areas in the templates were vacuumed 

for 2 minutes and the dust samples were stored in a plastic bag (Saijo, et al., 2007). 

Evaluation of dust levels were completed via test strip per factory instructions for both 

tests (Saijo, et al., 2007).   

 Another commercially available product that is used to count cells is the  

Haemocytometer (Stein-Taylor, 1985)  and was used in the study by Zavada, et al. in 

2007 to quantify pollen removed from fabric. Each week the total pollen removed from 

each of the fifteen fabrics was estimated using a haemocytometer following the method 

Stein-Taylor et al. developed  (Zavada, et al., 2007).  
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CHAPTER III 

MATERIALS AND METHODS 

 

Materials 

 

 Four fibers used for this study were chosen based on their ranking in the 

triboelectric series (Thiry, 2007). These fibers include 100% wool (high), 100% nylon 

(high), 100% cotton (medium), and 100% polyester (low). The fabric samples were 

purchased from Jo-Ann Fabric and Craft Store, Etsy.com, Wal-Mart, and Amazon.com. 

The following paragraphs briefly describe the fabric samples. Table 4.1 Fabric 

Parameters, shows the complete summary of measured fabric parameters.  

 

 

 

Table 3.1 Fabric Parameters for test samples 

Fiber 
Code 

Designation 

Fabric  

Structure 

Fabric  

Count 

Yarn  

Structure 

Cotton C1 Plain Weave 27x40 W&F SS 

Cotton C2 Twill Weave 15x50 W&F SS 

Cotton C3 Twill Weave 52x52 W&F:SS 

Nylon N1 Plain Weave 70x50 W&F Multi-filament 

Nylon N2 Twill Weave 44x52 W&F Multi-filament 

Nylon N3 Plain Weave 61x48 W&F Multi-filament 

Polyester P1 Twill Weave 60x60 W&F Multi-filament 

Polyester P2 Plain Weave 72x70 W&F Multi-filament 

Polyester P3 
Twill 

Weave 
59x58 W&F Multi-filament 

Wool W1 Plain Weave 30x30 W&F SS 

Wool W2 Twill Weave 34x30 W&F SS 

Wool W3 Plain Weave 36x28 W&F SS 
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Cotton fabric samples     Cotton 1(C1) is a Osnaburg plain weave fabric with 

uneven yarns that include bits of plant debris, simple single spun yarns in both the warp 

and filling directions, is not bleached, is light brown in color, and has no known finishes. 

Cotton 2 (C2) is a twill weave fabric with simple single spun yarns running in both the 

warp and filling directions, is not bleached, is light brown in color, and has no known 

finishes. Cotton 3(C3)  is Muslin fabric with simple single spun yarns  in the warp and 

filling directions with a twill weave structure, is not bleached, is light brown in color, and 

has no known finishes.  

 Nylon fabric samples     Nylon 1 (N1) is a white translucent fabric with multi-

filament yarns running in both the warp and fill directions, has a plain weave structure, 

and has no known finishes or dyes. Nylon 2 (N2) is a semi-transparent white fabric that 

has multi-filament yarns running in both the warp and filling directions, the fabric 

structure is twill weave, and it has no known finishes or dyes. Nylon 3 (N3) is a white 

translucent fabric with multi-filament yarns running in both the warp and filling 

directions, it has a plain weave structure, and has no known finishes or dyes. 

 Polyester fabric samples      Polyester 1 (P1) is a white twill weave fabric with 

multi-filament yarns running in both the warp and filling directions, it has no known 

finishes or dyes. Polyester 2 (P2) is off-white in color and has a plain weave structure. 

Both the warp and filling directions are multi-filament yarns, it has no known finishes but 

is dyed. Polyester 3 (P3) is white in color with a twill weave structure, the yarns in both 

the warp and filling directions are multi-filament, and it  has known dyes or finishes on 

the fabric.  
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 Wool fabric samples     Wool 1 (W1) is off-white in color with a plain weave 

structure. Both the warp and filling yarns are simple single spun, it has not been bleached 

or dyed, and has no known finishes. Wool 2 (W2) is a grey twill weave fabric with 

simple single spun yarns running in both the warp and filling directions, is dyed and has 

no known finishes. Wool 3 (W3) is light brown in color and has a plain weave structure 

with simple single spun yarns running in both the warp and filling directions. The fabric 

has not been bleached or dyed and has no known finishes.  

 To ensure accurate fiber type for the fabric samples, fiber identification tests 

including burn, chemical solubility, and microscope examination were used according to 

ASTM D-27600a (2008). The burn test used fibers from the fabric samples, matches, a 

Bunsen burner, and tweezers. The chemical solubility test solvents included 70% sulfuric 

acid, chlorine bleach, and acetone. A National B2-220 microscope at 100x magnification, 

was used for fiber microscopic examination.   

 The allergen used for this experiment was Timothy grass (phl p) pollen purchased 

from Allergon, Inc. in Sweden.  A glass cylinder with height of 11inch and 5 inch 

diameter and a stainless steel cylinder with height of 9 inch with 5 inch diameter were 

used for the fabric exposure to allergen experiments. The purpose of using 2 different 

types of containers was to verify if container material had any effect on pollen attachment 

to the fabric samples.  

In addition to the container materials and sizes, the amount of allergen used in the 

fabric exposure experiment could potentially affect the outcome. The experiment by 

Agrawal et al. in 2010 used a 30.4m3 stainless steel chamber and 150mgs of allergens. 
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The experiment by Mahakittikun  et al. in 2008 used a 5cm x 5cm x 3cm container with 

less than .5 milligrams of allergen. The experiment by Zavada et al.  in 2007 used 1 gram 

of allergen with 50mL of water with an unknown container size. Finally, the study by 

Lewis et al. in 1999 used a 91.02cm3 cylinder filled with 17 ±.5grams of allergen.  Due 

to a lack of a consistent ratio for amount of allergen to container size in the literature, 

four separate trials with differing pollen amounts were conducted with the fabric samples. 

Trial 1 was 25mg, trial 2 was 10mg, trial 3 was 5mg, and trial 4 was 2mg of pollen for 

the glass container. The stainless steel container had 1 trial of 2mg with untreated fabric 

sample specimens.  

The fabric sample treatments include 20% acidic acid (white vinegar) and 80% 

water solution, 20% basic (ammonia) and 80% water solution, and 20% Ultra Downy ® 

Liquid Free & Sensitive fabric softener with 80% water solution. The ingredients present 

in the Downy fabric softener are water, diethyl ester dimethyl ammonium chloride, 

starch, ammonium chloride, calcium chloride, formic acid, polydimethylsiloxane, 

benzisothiazolinone, and diethylenetriamine pentaacetate, and sodium salt ("Ultra downy 

liquid," 2012). The stereoscope used to quantify the pollen was a Swift Stereo-eighty 

680962. Treatment solutions were sprayed onto the fabrics samples with a Wheaton 

125mL spray bottle.  

 The materials for the electrostatic cling test series (AATCC115, 2005) included 

an angled test plate that had a 100mm x 150mm  base with a 100mm x 300mm upright 

plate. A line was indented across the plate surface at 230mm below the top for 

positioning the lower edge of the fabric sample on the plate. The grounding plate was a 
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flat 200mm x 360mm, 18 gauge stainless steel plate that was attached to a water pipe via 

No. 18 stranded, plastic-covered electronic wire. The rubbing block was 20mm x 50mm x 

150mm and made of pine. Double stick 3M tape was adhered to both ends of the block to 

attach the rubbing fabric. A70mm edged toggle clamp was used to hold the fabric sample 

onto the angled metal plate. The angled metal test plate was laid horizontally on a 25mm 

x 100mm  x 300mm polyurethane foam  purchased from Foam Factory, Inc. Non-

conductive, ivory tipped tweezers were used to handle the fabric samples.  

The AATCC115 (2005) test methods specified to use spun nylon and polyester 

fabrics for this test. At the time of the experiment the researcher was unable to obtain the 

specified rubbing fabrics and used filament fiber fabrics for the electrostatic cling test. 

The two rubbing fabrics that were used included a100% nylon and 100% polyester 

purchased from Amazon.com. Refer to Chapter 4 Electrostatic Cling Test Results (pg.68) 

for further information. The nylon rubbing fabric had a twill structure, fabric count of 

70x60, weight of 3.126 oz/yd2, and was 0.015 inches thick. The polyester rubbing fabric 

had a twill structure, fabric count of 65x60, weight of 3.087 oz/yd2, and is 0.013 inches 

thick. A 2”x8” metal bar was used to discharge the fabric samples before testing (Wilson, 

1963). The angled test plate was cleaned by Fuller Brush Solvent Stainless Steel Cleaner. 

In addition, to establish moisture regain for the fabric samples a GE J7912 convection 

oven , a Polder commercial internal oven thermometer, and 12 glass mason jars (1-quart 

capacity) with metal lids were used to test the fabric samples. The washer used for 

washing the fabrics before testing was a Kenmore 700 series. 
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Study Design 

 

The purposes of this study were to determine if there was a relationship between 

fabric parameters such as electrostatic charge and moisture regain on the attraction of 

timothy grass pollen and to determine if various fabric treatments affect their pollen 

attraction. The research design was conducted in the following steps: 1) Identified fiber 

type and yarn structure, yarn number ASTM D-1059 (2009), fabric structure and fabric 

count ASTM D-3775 (2009), fabric weight ASTM D-3776 (2009), and fabric thickness 

ASTM D-1777 (2009) for all fabric samples. 2) Fiber electrostatic cling was determined 

by the AATCC test method 115 (2005) Electrostatic Clinging of Fabrics: Fabric-to-Metal 

test.  Fiber moisture regain was determined by ASTM D 2495-07 (2009) and D 1576-90 

(2008). 3) Untreated fabric samples were exposed to the timothy grass pollen using a 

glass cylinder across 4 trials and a stainless steel cylinder for 1 trial (Agrawal, et al., 

2010). 4) Pollen attached to the fabric sample was quantified from 5 non-overlapping 

locations (Takahashi et al., 2008) by stereoscope (Charpin, et al., 2010).  5) Fabric 

samples were treated using diluted acidic acid (vinegar), basic (ammonia), and Downy 

Liquid Free and Sensitive fabric softener solutions. The same process as described on 

steps 2) through 4) were repeated for all the trials and treatment groups. 
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Procedures 

Material Preparation: 

Fiber Identification 

1. Fiber identification tests included burn, chemical, and microscope examination on 

all fabric samples.   

i. Burn Test-Removed 3 warp and 3 filling yarns from each fabric sample. 

Grasped 1 warp yarn with tweezers and slowly moved yarn into flame 

holding it for approximately 2 seconds and then removed the yarn from 

the flame. Recorded yarn reaction approaching flame, in the flame, 

removal from the flame, odor, and residue. Repeated for remaining warp 

and filling yarns.  

ii. Chemical Solubility Test-Removed 3 warp and 3 filling yarns from each 

fabric sample. Separated each warp and filling yarn so that individual fiber 

strands were apparent. Used 3 separate glass dishes for 70% sulfuric acid, 

chlorine bleach, and acetone. Placed 1 warp yarn fiber set into each of the 

glass dishes.. Let the fiber samples sit in the chemicals for 3 minutes. 

Recorded fiber reactions in the chemicals.  

iii. Microscope Examination-Removed 3 warp and 3 filling yarns from each 

fabric sample. Separated each warp and filling yarn so that individual fiber 

strands were apparent. Placed a few fibers from each yarn onto clean glass 

microscope slide with 2 drops of distilled water. Covered fiber sample 

with slide cover and recorded fiber structure under 100x magnification. 
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Pre-washing of Fabric Samples 

2. All fabrics were individually washed in the “hand wash” setting and dried, in 

random order, 8 times before being cut into test samples. The water temperature 

during the wash process was between 95-100 degrees Fahrenheit and each 

washing cycle was 30 minutes. No detergent was used for the fabric washings. 

Upon completion of the washing cycle the fabric was laid flat to air dry overnight.   

Characterization of Fabric Parameters 

3. Characterized the parameters of fabrics: fabric and yarn structure, fabric count 

ASTM D-3775 (2009), fabric weight ASTM D-3776 (2009), fabric thickness 

ASTM D-1777 (2009), and yarn number ASTM D-1059 (2009).  

Cutting Fabric Samples 

4. For Electrostatic Cling Test Rubbing Clothes--Cut 96 nylon and 96 polyester 

75mm  x 230mm warp as the long access rubbing fabrics. Placed fabric rubbing 

cloths in clean, labeled plastic bags. 

5. For Electrostatic Cling Test Fabric Samples--Cut 24 75mm x 230mm warp and 24 

75mm x 230mm filling swatches from each fabric. Placed fabric samples in clean, 

labeled plastic bags.  

6. For Moisture Regain Test--Cut eight 4oz sections from each fabric, placed fabric 

samples in clean, labeled plastic bags.  

7. For Pollen Exposure Experiment--Cut 17, 10inch diameter circles with warp 

yarns running from top to bottom from each fabric. Taking care to ensure minimal 
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handling of the fabric to minimize the transfer of impurities onto the fabric. 

Placed fabric samples in clean, labeled plastic bags.  

8. For Untreated Group--Set aside three warp and three filling 75mm x 230mm 

fabric samples from each untreated fabric (36 warp and 36 filling total) for the 

electrostatic cling test, two 4oz untreated fabric samples from each fabric (8 total) 

for the moisture regain test, and five 10inch diameter untreated fabric samples 

from each fabric (60 total) for the pollen exposure test.  

 

Table 3.2 Fabric specimens used in each test  

 Untreated (each fabric type) Treated (each fabric type) 

EC 3 warp, 3 filling 9 warp, 9 filling 

MR 2-4 oz. pieces 6-4oz. pieces 

Pollen Exp. 2-10” diameter circles 15-10” diameter circles 

Key:EC=electrostatic cling; MR=moisture regain 

 

Sample Treatments: Vinegar, Ammonia, Fabric Softener 

9. Prepared and administered acidic acid (vinegar) treatment on fabric samples (six 

warp and six filling 75x230mm samples (EC test), two 4oz samples (MR test), 

four 10inch diameter samples from each fabric (pollen exposure). The acidic 

treatment solution was sprayed five times onto the fabric face using a Wheaton 

125mL spray bottle from 10 inches away onto vertical fabric samples held by 

hand. The fabric samples were dried overnight on a clean, plastic-wrap covered 
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laboratory table for 12 hours and were covered by plastic-wrap to prevent 

contaminants from the air. Fabric samples were then placed in clean, labeled 

plastic bags after the drying process. 

10. Prepared and administered the basic (ammonia) treatment solution on fabric 

samples (six warp and six filling 75x230mm samples for EC test, two 4oz 

samples for MR test, four 10inch diameter samples from each fabric for pollen 

exposure). The same process was used for spraying and drying of the fabric 

samples as the acidic treatment. 

11. Prepared and administered the fabric softener treatment solution on cut fabric 

samples (six warp and six filling 75x230mm samples for EC test, two 4oz 

samples for MR test, four 10inch diameter samples from each fabric for pollen 

exposure). The same process was used for spraying and drying of the fabric 

samples as the acidic treatment. 

12. Used Excel random number generator to randomly assign numbers for test order 

for the electrostatic cling, moisture regain, and the pollen exposure procedures. 

 

 

Experimental Protocols: 

A. Procedures for determining fiber electrostatic charges AATCC115 (2005): 

1. Testing took place when the laboratory room temperature was between 23-25 

degrees Celsius (73-77 degrees Fahrenheit) and when relative humidity was 
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between 30-35%. If temperature or relative humidity went beyond the acceptable 

range testing discontinued.  

2. Cleaned the 25x100x100mm aluminum angled metal plate with swab saturated 

with metal-cleaning solvent before testing every different fabric sample. Allowed 

plate to dry for 5 minutes. 

3. Positioned angled metal plate horizontally on polyurethane foam. Placed the 

ground plate underneath the polyurethane foam and attached stranded, plastic 

covered wire to laboratory water pipe.  

4. Adhered 75x230mm rubbing cloth, by 3M double stick adhesive tape to the 

20x50x150mm wood rubbing block to ensure constant pressure between the 

rubbing and sample fabrics.  

5. Grasped lower right corner of 75x230mm fabric sample with non-conductive 

tweezers and lifted specimen to a vertical position. While grasping the fabric 

sample moved the metal bar across the sample on both the face and the back to 

discharge the fabric.  

6. Placed the back of the 75x230mm fabric sample directly on angled metal plate 

lining up the bottom edge to the indented line on the angled plate. Placed the 

rubbing block at the top of the angled plate so the long access of the rubbing 

block and the long access of the fabric sample were at right angles.  

7. Placed middle fingers on the back edge of the rubbing block and pulled the block 

along the full length of the fabric sample. Returned the rubbing block to the 

starting position.  
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8. Repeated rubbing sequence 12 times at approximately 1.0 rubbing cycle per 

second. 

9. Quickly removed the rubbing block and lifted the angled metal plate and fabric 

sample in a vertical position. 

10. Used nonconductive tweezers to pull the lower right corner of the fabric sample 

away from the angled metal plate into a vertical position for ± 0. 5 seconds and 

then released the fabric sample.  

11. Began recording with stopwatch to the nearest 0.1 minute. 

12. After every 30 ± 2seconds, grasped the lower right corner of the fabric sample 

with nonconductive tweezers and pulled the sample away from the angled metal 

plate until fabric sample was vertical for 1 ± 0.5 seconds, then released the sample. 

13. Recorded the time to the nearest 0.1 minute for the fabric to separate from the 

angled metal plate. Fabrics exceeding 10 minutes were discontinued and reported 

as >10min. Length of time for each warp and filling sample was reported as well 

as the warp and filling averages.  

14. Repeated steps 1-13 for 3 warp and 3 filling samples from each fabric and 

treatment type.  

 

B. Procedures for determining fiber moisture regain ASTM D- 2495-07 (2009) 

& D-1576-90 (2008) 

1. Testing took place when room temperature was between 23-25 degrees 

Celsius (73-77 degrees Fahrenheit) and when relative humidity was 
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between 30-36%. If temperature or relative humidity went beyond the 

acceptable range testing discontinued.  

2. Weighed glass mason jars with lid on Denver Instrument XS-210 scale. 

3. Separated two 4oz fabric samples into individual yarns into 2 glass mason 

jars for each fabric type. Recorded weight of fabric sample and glass 

mason jar on scale. 

4. Checked oven temperature was between 105 ±2 degrees Celsius (217-224 

degrees Fahrenheit). Placed glass mason jars with fabric samples in oven 

without the lid.  

5. Checked fabric sample hourly until two consecutive weighings were less 

than 0.1%. Closed glass mason jar in the oven before removing.  

6. Let glass mason jar cool to room temperature. During the cooling process 

briefly opened the lid two times to equalize air pressure in the jar. When 

jar cooled to room temperature fabric sample and glass mason jar with lid 

on were weighed on scale.  

7. Returned glass mason jar with fabric sample to oven and removed lid. 

8. Continued the drying, cooling, and weighing intervals until two 

consecutive weighings were less than 0.1%. 
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C. Procedures for pollen exposures: 

Safety precautions: 

i. The researcher wore safety glasses, plastic gloves, and a respiratory mask 

at all times during the experiment. 

ii. Pollen removal, measurement, placement in cylinder, and quantification 

by stereoscope took place under the laboratory fume hood. 

iii. Refer to Appendix A (pg. 244) for Material Data Safety Sheet (MSDS). 

 

Experiment Diagram     Table 3.3 shows a summary of the total amount of pollen 

trials and fabric treatments, in alphabetical order, used in this study. Each fiber 

category (polyester, cotton, wool, nylon) has three different fabrics (fabric 1, 2, and 3) 

within the group. The untreated group was tested in random order and established 

baseline information on pollen attraction rates for the fabric samples.  Next, the three 

treatment types were completed for each of the fabric samples in random order. The 

same procedure was used for the 25mg, 10mg, 5mg, and 2mg trials.  The stainless 

steel cylinder trial used 2mg of pollen with untreated fabric samples.  
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Table 3.3 Fabric Sample Trials and Treatments Summary 

Treatment Trial 25mg Trial 10mg 

Untreated C1-C3, N1-N3, P1-P3, W1-W3 C1-C3, N1-N3, P1-P3, W1-W4 

Acidic (vinegar) AC1-AC3, AN1-AN3, AP1-AP3, AW1-AW3 AC1-AC3, AN1-AN3, AP1-AP3, AW1-AW4 

Basic (ammonia) BC1-BC3, BN1-BN3, BP1-BP3, BW1-BW3 BC1-BC3, BN1-BN3, BP1-BP3, BW1-BW4 

Fab. Soft. FC1-FC3, FN1-FN3, FP1-FP3, FW1-FW3 FC1-FC3, FN1-FN3, FP1-FP3, FW1-FW4 

Treatment Trial 5mg Trial 2mg 

Untreated C1-C3, N1-N3, P1-P3, W1-W5 C1-C3, N1-N3, P1-P3, W1-W6 

Acidic (vinegar) AC1-AC3, AN1-AN3, AP1-AP3, AW1-AW5 AC1-AC3, AN1-AN3, AP1-AP3, AW1-AW6 

Basic (ammonia) BC1-BC3, BN1-BN3, BP1-BP3, BW1-BW5 BC1-BC3, BN1-BN3, BP1-BP3, BW1-BW6 

Fab. Soft. FC1-FC3, FN1-FN3, FP1-FP3, FW1-FW5 FC1-FC3, FN1-FN3, FP1-FP3, FW1-FW6 

Treatment Stainless Steel Cylinder Trial 2mg 

 
Untreated C1-C3, N1-N3, P1-P3, W1-W3 

 Key: Fabric and their treatments are listed in alphabetical order for this table, this is not the order used in the 

experiment. C=cotton, N=nylon, P=polyester, W=wool; 1=fabric 1, 2=fabric 2, 3=fabric 3; A=acid, B=basic, 

F=fabric softener. Example: AC1=acid treated cotton 1 

 

 

Pollen Exposure Experimental Procedures 

1. For each trial (25mg, 10mg, 5mg, 2mg)  pollen was placed on wax paper, 

weighed to within ± 0.02 of the desired weight for each trial, and was poured into 

glass cylinder.  

2. The order for pollen exposure was chosen randomly for each untreated fabric 

sample covering the glass cylinder opening. The fabric sample had 2.5inches of 

overhang around the cylinder. The fabric sample was secured to the glass cylinder 

wall by two rubber bands located 1inch and 1.75 inches below the top of the 

cylinder. Refer to Figure 3.1.  

3. Pollen was circulated by repeated turning of the glass cylinder upside down for 

one minute at approximately 30 inversions per minute.  
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4.  After 30 inversions for 1 minute the glass cylinder was placed fabric side up. The 

glass cylinder rested for 1 minute before fabric sample was removed.  

5. Removed the rubber bands from fabric sample, ensuring not to crush the fabric 

sample. Laid fabric sample on wax paper diagram (Figure 3.2). 

6. Quantified five ¾” diameter non-overlapping areas on the fabric sample that were 

determined by diagram on wax paper during the pollen exposure experiment. 

Refer to Figure 3.2 Five Locations on Fabric Sample for Pollen Quantification. 

7. Cleaned glass cylinder with alcohol wipes.  

8. Repeated Steps 1-7 above for remaining treatments and trials.  

9. The procedure described in Steps 1-7 was used with a stainless steel cylinder and 

2mg of pollen on 12 (1 of each fabric type) untreated fabric samples. 

10. Data analysis began on final collection of sample data. 

 

 Microscopic Analysis of Pollen 

1. Measured with standard fabric tape measure to ensure wax paper diagram 

locations were accurate, 2.5inches from the fabric sample edge, then 1.25 inches 

from the exposed fabric sample circle to each location. Each outside location was 

2inches from one another and approximately 1.5inches from the center.  

2. Counted individual pollen particles per 3/4 inch diameter area starting from the 

top left, top right, center, bottom left, and bottom right (Figure 3.2). Repeated 

procedure for remaining untreated and treated fabric samples.  
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Figure 3.1 Cylinder and Fabric Sample Configuration 
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Figure 3.2 Five Locations on Fabric Sample for Pollen Quantification



65 
 

 

Data Analysis and Statistics 

 

 In this study there were no replication of fabrics, but each fabric was treated as a 

type of fixed block within each fiber type. Independent variables include fabric type 

(fiber), treatment type, amount of pollen exposed and fabric samples. The dependent 

variable is the amount of attached pollen to fabric samples. T-tests with averages and 

standard deviations were used to determine the difference between pollen count on fabric 

samples, untreated and treated fabric samples, and cylinder material. Significant P-values 

have been reported. 

 Within fiber comparisons were analyzed with data from fabric sample 

electrostatic cling time, moisture regain, and pollen count. Each fabric sample average 

pollen count within a fiber group was compared to each fabric sample average 

electrostatic cling time within the fiber group with regression for relationships (positive 

or negative) with an R2 above 60%.  Similarly, each fabric sample average pollen count 

within a fiber group was compared to each fabric sample average moisture regain within 

the fiber group with regression for relationships (positive or negative) with an R2 above 

60%.   

 Across fiber comparisons were analyzed by ranking fiber electrostatic cling time 

group averages (across 9 samples), fiber moisture regain group averages (across 6 

samples), and fiber pollen count group averages (across 15 samples) from high (1) to low 

(4). Fiber electrostatic cling time or fiber moisture regain rankings were compared to 

fiber pollen count rankings for similarities and differences.  
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 Across fabric comparisons were analyzed by ranking all individual fabric 

averages from high (1) to low (12) for electrostatic cling time, moisture regain, and 

pollen count. Fabric electrostatic cling time or fabric moisture regain rankings were 

compared to fabric pollen count rankings for similarities and differences.  
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CHAPTER IV 

RESULTS & DISCUSSIONS 

 

 

The long-term goal of this research is to create a cleaner indoor environment for 

allergy sufferers worldwide by means of textile products that will be used as effective 

mediums in mitigating indoor allergens. The purposes of this study were to determine if 

there is a relationship between fabric parameters such as electrostatic charge and moisture 

regain on the attraction of timothy grass pollen and to determine if various fabric 

treatments affect their allergen attraction. The central hypothesis was that allergen 

attraction rates will have a positive correlation with electrostatic charge and a negative 

correlation with moisture regain properties. Based on the following literature review and 

knowledge of fiber properties, the following objectives and hypotheses have been 

developed: 

Objective #1: Determine the relationship between both electrostatic charge and 

moisture regain on the attraction of timothy grass pollen. Working hypothesis 1: a 

negatively charged fiber will attract more allergens than a positively charged fiber. 

Working hypothesis 2: as moisture regain increases, allergen attraction will decrease.  

Objective #2: Determine the relationship between treatment type and attraction of 

allergen. Working hypothesis 1: The basic treatment will attract more allergens than the 

acidic treatment. Working hypothesis 2: Fabric softener will cause the least amount of 

pollen to be attached to the fabric samples out of the treatments.  



68 
 

 

 

 

Fabric Parameters 

 

Table 4.1 Fabric Parameters, displays the complete measurements of the fabric 

samples used in the experiment. In this study 6 plain weave fabrics and 6 twill weave 

fabrics were used in the pollen exposure test, electrostatic cling test, and moisture regain 

test. Further description of the fabric samples was discussed in Chapter 3 Methods.  

 

Table 4.1 Fabric Parameters 

Fiber 
Code 

Designation 

Fabric 

Structure 

Fabric 

Count 

Yarn 

Structure 

Weight 

(oz/yd^2) 
Thickness 

(inch) 

Yarn 

Number 

Cotton C1 
Plain 

Weave 
27x40 W&F SS 3.227 .019 

W:33.35 

F:22.83 

Cotton C2 
Twill 

Weave 
15x50 W&F SS 4.124 .026 

W:7.60 

F:13.03 

Cotton C3 
Twill 

Weave 
52x52 W&F:SS 6.012 .017 

W:13.52 

F:13.08 

Nylon N1 
Plain 

Weave 
70x50 

W&F 

Multi-filament 
3.288 .0095 

W:27.50 

F:31.68 

Nylon N2 
Twill 

Weave 
44x52 

W&F 

Multi-filament 
2.908 .011 

W:17.25 

F:30.04 

Nylon N3 
Plain 

Weave 
61x48 

W&F 

Multi-filament 
3.095 .014 

W:21.22 

F:22.34 

Polyester P1 
Twill 

Weave 
60x60 

W&F 

Multi-filament 
4.622 .011 

W:18.65 

F:15.53 

Polyester P2 
Plain 

Weave 
72x70 

W&F 

Multi-filament 
2.483 .015 

W:28.24 

F:23.06 

Polyester P3 
Twill 

Weave 
59x58 

W&F 

Multi-filament 
3.253 .0125 

W:26.43 

F:18.32 

Wool W1 
Plain 

Weave 
30x30 W&F SS 6.3779 .042 

W:9.72 

F:11.47 

Wool W2 
Twill 

Weave 
34x30 W&F SS 7.306 .049 

W:7.30 

F:6.37 

Wool W3 
Plain 

Weave 
36x28 W&F SS 8.8311 .068 

W:8.79 

F:6.58 

Key: Fabric count unit is warp x filling, W&F is warp and filling, SS is single spun, Yarn number is number given to 

the size of the yarn from ASTM D-1059 (2009) 
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Pollen Exposure Results 

 

In order to establish pollen attraction rankings a pollen exposure test was 

performed on the fabric samples.  Untreated and treated fabric samples were randomly 

tested between 27-33% relative humidity and 74-79 degrees Fahrenheit. The procedure is 

outlined in Chapter 3 Methods. T-tests were performed to check for significant 

differences between pollen trial amounts as well as treatment types.  The relationship 

between pollen trial amounts and treatment types are discussed in the following sections: 

pollen trial amount comparisons and pollen count on fabric samples treatment 

comparisons. Figure 4.1 shows the differences in pollen count on the fabric swatches for 

each trial and treatment type. The graphs indicate that as the amount of pollen used for 

each trial increased the amount of pollen attached to the fabric samples also increased.   

 

 



70 
 

 

Figure 4.1 Comparison of Pollen Amount Trials by Treatment Type 
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Table 4.2a T-Test Comparisons of Pollen Amount Used with Cotton Fabric Samples in Experiment Trials 

 

 

 

 

 

 

 

 

Table 4.2b T-Test Comparisons of Pollen Amount Used with Nylon Fabric Samples in Experiment Trials 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Untreated Cotton  

T-Tests   
Acid (Vinegar) 

T-Tests 

  

Un 25mg & Un 10mg Un 25mg & Un 5mg Un 25mg & Un 2mg A 25mg & A 10mg A 25mg & A 5mg A 25mg & A 2mg 

p=0.245782 p=0.005556 p=0.001904 p=0.441335 p=0.005646 p=0.004011 

Un 10mg & Un 5mg Un 10mg & Un 2mg Un 05mg & Un 2mg A 10mg & A 5mg A 10mg & A 2mg A 05mg & A 2mg 

p=0.044275 p=0.012941 p=0.457704 p=0.047083 p=0.035846 p=0.88163 

Basic (Ammonia)  

T-Tests   
Fabric softener  

T-Tests 

  

B 25mg & B 10mg B 25mg & B 5mg B 25mg & B 2mg Fs 25mg & Fs 10mg Fs 25mg & Fs 5mg Fs 25mg & Fs 2mg 

p=0.722082 p=0.048761 p=0.036168 p=0.791916 p=0.009408 p<0.001 

B 10mg & B 5mg B 10mg & B 2mg B 05mg & B 2mg Fs 10mg & Fs 5mg Fs 10mg & Fs 2mg Fs 05mg & Fs 2mg 

p=0.01734 p=0.012608 p=0.872058 p=0.008722 p<0.001 p=0.12001 

Untreated  

T-Tests   
Acid (Vinegar) 

T-Tests 

  

Un 25mg & Un 10mg Un 25mg & Un 5mg Un 25mg & Un 2mg A 25mg & A 10mg A 25mg & A 5mg A 25mg & A 2mg 

p=0.188399 p<0.001 p=0.001904 p=0.558623 p=0.0434 p=0.022574 

Un 10mg & Un 5mg Un 10mg & Un 2mg Un 05mg & Un 2mg A 10mg & A 5mg A 10mg & A 2mg A 05mg & A 2mg 

p=0.034258 p=0.030565 p=0.94775 p=0.037223 p=0.012756 p=0.389018 

Basic (Ammonia)  

T-Tests   
Fabric softener  

T-Tests 

  

B 25mg & B 10mg B 25mg & B 5mg B 25mg & B 2mg Fs 25mg & Fs 10mg Fs 25mg & Fs 5mg Fs 25mg & Fs 2mg 

p=0.875864 p=0.044147 p=0.047828 p=0.230648 p<0.001 p<0.001 

B 10mg & B 5mg B 10mg & B 2mg B 05mg & B 2mg Fs 10mg & Fs 5mg Fs 10mg & Fs 2mg Fs 05mg & Fs 2mg 

p=0.003527 p=0.00412 p=0.856784 p=0.002001 p<0.001 p=0.127647 
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Table 4.2c T-Test Comparisons of Pollen Amount Used with Polyester Fabric Samples in Experiment Trials 

Untreated  

T-Tests   
Acid (Vinegar) 

T-Tests 

  

Un 25mg & Un 10mg Un 25mg & Un 5mg Un 25mg & Un 2mg A 25mg & A 10mg A 25mg & A 5mg A 25mg & A 2mg 

p=0.319599 p=0.030367 p=0.022438 p=0.761039 p=0.045792 p=0.070663 

Un 10mg & Un 5mg Un 10mg & Un 2mg Un 05mg & Un 2mg A 10mg & A 05mg A 10mg & A 2mg A 05mg & A 2mg 

p=0.030763 p=0.018532 p=0.733894 p=0.023805 p=0.023973 p=0.706159 

Basic (Ammonia)  

T-Tests   
Fabric softener  

T-Tests 

  

B 25mg & B 10mg B 25mg & B 5mg B 25mg & B 2mg Fs 25mg & Fs 10mg Fs 25mg & Fs 5mg Fs 25mg & Fs 2mg 

p=0.197871 p=0.004911 p=0.007009 p=0.549786 p=0.028486 p=0.008455 

B 10mg & B 5mg B 10mg & B 2mg B 05mg & B 2mg Fs 10mg & Fs 5mg Fs 10mg & Fs 5mg Fs 05mg & Fs 2mg 

p=0.021475 p=0.034365 p=0.72308 p=0.037385 p=0.006767 p=0.361241 

 
 

 

 

Table 4.2d T-Test Comparisons of Pollen Amount Used with Wool Fabric Samples in Experiment Trials 

Untreated  

T-Tests   
Acid (Vinegar) 

T-Tests 

  

Un 25mg & Un 10mg Un 25mg & Un 5mg Un 25mg & Un 2mg A 25mg & A 10mg A 25mg & A 5mg A 25mg & A 2mg 

p=1 p=0.130792 p=0.075999 p=0.633044 p=0.037882 p=0.007989 

Un 10mg & Un 5mg Un 10mg & Un 2mg Un 05mg & Un 2mg A 10mg & A 5mg A 10mg & A 2mg A 05mg & A 2mg 

p=0.086801 p=0.045584 p=0.618193 p=0.054522 p=0.007744 p=0.430915 

Basic (Ammonia)  

T-Tests   
Fabric softener  

T-Tests 

  

B 25mg & B 10mg B 25mg & B 5mg B 25mg & B 2mg Fs 25mg & Fs 10mg Fs 25mg & Fs 5mg Fs 25mg& Fs 2mg 

p=0.378137 p=0.044147 p=0.005937 p=0.395681 p=0.043445 p=0.02848 

B 10mg & B 5mg B 10mg & B 2mg B 05mg & B 2mg Fs 10mg & Fs 5mg Fs 10mg & Fs 2mg Fs 05mg & Fs 2mg 

p=0.021964 p=0.00412 p=0.740373 p=0.058011 p=0.029869 p=0.703963 
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Pollen Trial Amount Comparisons 

  

Table 4.2a shows p-values for significant differences between the amount of 

pollen used with untreated and treated cotton fabric samples. For the untreated cotton 

fabric samples there is no significant difference (p=0.245) between the 25mg & 10mg 

trial. However, there is a significant difference (p=0.005) between the 25mg & 5mg trial 

for the amount of pollen on the fabric samples. There are significant differences between 

trials with 25mg & 2mg (p=0.001), 10mg & 5mgs (p=0.044), and 10mg & 2mg 

(p=0.012) but no significant difference between the 5mg & 2mg trials (p=0.457). For the 

fabric sample treatments, this same pattern repeats with no significant differences 

between 25mg & 10mg and 5mg & 2mg with significant differences between 25mg & 

5mg, 25mg & 2mg, 10mg & 5mg, and the 10mg & 2mg trials. 

 Comparisons of the untreated and treated nylon fabric samples with the differing 

pollen amount trials are shown in Table 4.2b. The untreated nylon fabric samples show 

no significant difference (p=0.188) between 25mg & 10mg trials but a significant 

difference is shown between 25mg & 5mg (p<0.001) and 25mg & 2mg (p=0.001).  Trials 

of 10mg & 5mg (p=0.034) and 10mg & 2mg (p=0.030) are significantly different while 

the comparison of 5mg & 2mg is not significant (p=0.947). The pattern of significant 

differences between the amounts of pollen used with the nylon group is similar to the 

pattern in the cotton group.   

 Polyester treatments and pollen amount comparisons are shown in Table 4.2c. 

Similar to cotton and nylon, untreated polyester fabric samples display the same pattern 

of no significance between 25mg & 10mg (p=0.319) and 5mg & 2mg (p=0.733). 
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Significance differences between the amount of pollen on fabric samples was observed 

between the 25mg & 5mg (p=0.030), 25mg & 2mg (p=0.022), 10mg & 5mg (p=0.030), 

and 10mg & 2mg (p=0.018). All treatment types and pollen amounts reflect this same 

pattern except the acidic acid (vinegar) treatment between 25mg & 2mg where the p-

value (p=0.70) is barely non-significant.  

 Table 4.2d shows the comparison of pollen amounts with treatment types for wool 

fabric samples. The untreated wool fabric samples show no significant difference 

between 25mg & 10mg (p=1) and 5mg & 2mg (p=0.618) trials. Unlike cotton, nylon, and 

polyester, wool shows no significant difference between the 25mg & 5mg (p=0.130) 

trials. The 25mg & 2mg and 10mg & 5mg trials are barely non-significant at p=0.075 and 

p=0.086. The acidic acid (vinegar) and fabric softener treatment patterns are similar to 

the patterns displayed by cotton, nylon, and polyester. However, the comparisons of 

10mg & 5mg for both treatment types is barely non-significant at p=0.054 and p=0.058. 

The basic (ammonia) treatment is the only treatment for wool fabric samples that displays 

the exact same pattern as described above for cotton, nylon, and wool fabric samples.   

  

 Discussion     The patterns shown in the cotton, nylon, polyester, and basic 

(ammonia) treatment of wool, indicate that 5mg may have been the most appropriate 

amount of pollen to use for this experiment. Fabric samples tested with 25mg & 10mg 

were saturated with pollen leading to a higher pollen count and the 5mg & 2mg trials 

showed no significant difference between the trials. For the wool fabric samples 3 out 4 

treatments displayed a barely non-significant difference between the 10mg and 5mg 
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trials. A potential explanation for this is wool had the least amount of pollen attached to 

the fabric out of all the fabric samples and treatments. This low pollen count on the wool 

fabric samples potentially makes it more difficult to find a significant difference among 

the pollen amount trials.  

 

Pollen Count and Fabric Sample Treatment Comparisons 

 

Untreated results 

 

Figure 4.2 Pollen count on untreated fabric samples across all trials 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Cotton 25mgs-2mgs     The pollen count on the 3 cotton fabric samples for the 

25mg trial ranged from 3 to 20 (Table 4.3a). The average amount of pollen on the fabric 

sample for cotton 1 was 10.8 ± 3.70, cotton 2 was 12 ± 8.15, and cotton 3 was 6 ± 3.46. 

Across all 3 samples the center had the least amount of attached pollen while the top 

measurement areas were the most populated. The group average was 9.6.   For the 10mg 
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trial (Table 4.3b), cotton 1 averaged 8.4 ± 3.78, cotton 2 was 8.2 ± 6.02, and cotton 3 was 

5.8 ± 2.59 creating a group average of 7.47. The measured ¾” diameter areas on the 

fabric samples ranged from 3-18 with the bottom right of the fabric samples having the 

most attached pollen. Figure 4.2 shows that the pollen count decreased with the 5mg trial 

in comparison to the 25mg and 10mg trials (Table 4.3c).  Pollen attached to the cotton 

fabric samples ranged from 2-9 with a group average of 4.87. The average for cotton 1 

was 5.2 ± 1.30, cotton 2 was 5 ± 3.24, and cotton 3 was 4.4 ± 1.82 with the bottom right 

fabric sample measurement most populated.  The 2mg trial decreased slightly from the 

5mg trial with a group mean of 4.20 (Table 4.3d). Pollen count ranged from 2-8 with the 

average of cotton 1 at 4.2 ± 1.92, cotton 2 at 4.4 ± 2.07, and cotton 3 at 4 ± 1.41. The top 

left and right measurements on the fabric sample had the greatest amount of attached 

pollen across all the fabric samples in this trial.  

 

 Nylon 25mgs-2mgs     As shown in Figure 4.2 nylon had the most attached pollen 

out of the fiber fabric groups. For the 25mg trial, nylon 1 had a pollen count of 14 ± 3.08, 

nylon 2 was 32.6 ± 8.26, and nylon 3 was 17.8 ± 5.67 creating a group average of 21.47 

(Table 4.3a). The pollen count ranged from 8-40 particles per measurement. Across all 

nylon fabric samples both top measurements and the bottom right had the greatest 

amount of attached pollen.  The 10mg trial reduced the amount of pollen attached to the 

fabric samples resulting in nylon 1 averaging 13.4 ± 5.41, nylon 2 was 15 ±7.58, and 

nylon 3 was 19.6 ± 8.38 (Table 4.3b). The pollen count range across all fabric samples 

was from 9-32. Pollen count was greatest for the top left and bottom left areas of the 
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fabric samples in this trial. Nylon fabric samples as a group averaged 16 pollen particles 

per ¾” diameter measurement for this trial. Nylon fabric samples average pollen count 

for the 5mg trial was less than the 10mg and 25mg trials with a range of 8-15 (Table 

4.3c). Nylon 1 averaged 10.8 ± 3.70, nylon 2 was 11.6 ± 2.61, and nylon 3 was 12.2 ± 

2.59 resulting in a group average of 11.53. The greatest amount of attached pollen was 

observed in the top right of the fabric samples. For the 2mg trial, similar pollen count 

averages to the 5mg trial were observed for the nylon fabric samples with nylon 1 at 13.4 

± 2.79, nylon 2 at 10.6 ± 2.07, and nylon 3 at 10.4 ± 2.41 (Table 4.3d). The top left and 

bottom right measurement areas of the fabric samples had the greatest amount of attached 

pollen. The group average for this trial was 11.47 with a pollen count range of 7-16.  

 

 Polyester 25mgs-2mgs     Polyester fabric samples had similar rates of attached 

pollen as cotton fabric samples (Figure 4.2). For the 25mg trial, polyester 1 was 9.4 ± 

9.24, polyester 2 was 6.4 ± 4.39, and polyester 3 was 10.4 ± 5.59 (Table 4.3a). The top 

left and center measurement areas on the fabric samples had the greatest amount of 

attached pollen. Pollen count ranged from 2-25 with a group average of 8.73. The trial 

with 10mg of pollen declined slightly from the 25mg trial causing polyester 1 to average 

6.2 ± 4.02, polyester 2 was 5.6 ± 2.07, and polyester 3 was 8.8 ± 1.92 resulting in a group 

average of 6.87 (Table 4.3b). Pollen count ranged from 2-12 on the fabric samples. The 

center and bottom left measurements on the fabric samples had the greatest amount of 

attached pollen. Pollen count on the fabric samples decreased in the 5mg trial averaging 

4.73 for the group with a range of 1-8 pollen particles (Table 4.3c). Polyester 1 averaged 
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5.6 ± 2.07 pollen particles, polyester 2 was 4 ± 1.58, and polyester 3 was 4.6 ± 2.51. On 

the fabric samples the top left and bottom left measurement areas on the fabric sample 

were the most populated. The final trial with 2mg ranged from 1-8 attached pollen 

particles resulting in a group average of 4.47. The greatest amount of attached pollen was 

in the center of the fabric samples. Polyester 1 averaged 4.6 ± 2.07, polyester 2 was 5.6 ± 

2.07, and polyester 3 was 3.2 ± 2.17 pollen particles per ¾” diameter measurement 

(Table 4.3d).  

  

 Wool 25mgs-2mgs     Wool fabric samples had the least amount of attached pollen 

out of the fiber groups (Figure 4.2). Attached pollen for the 25mg trial ranged from 0-8 

with wool 1 at 1.4 ± 1.14, wool 2 at 2 ± 2, and wool 3 at 3.6 ± 3.05 (Table 4.3a). The 

greatest amount of attached pollen was located in the top left measurement area across all 

fabric samples. For the 10mg trial wool 1 was 2 ± 1.58, wool 2 was 2.2 ± 1.48, and wool 

3 was 2.8 ± 2.77 (Table 4.3b). Pollen count ranged from 0-6 with a group average of 2.33 

in the 10mg trial. The center and bottom left measurement areas of the fabric samples had 

the greatest amount of observed pollen particles. Attached pollen for the 5mg trial ranged 

from 0-3 with wool 1 at 1.2 ± 0.84, wool 2 at 1 ± 1.00, and wool 3 at 1.6 ± 1.14 (Table 

4.3c). The group average was 1.27 with the top right and bottom right areas of the fabric 

samples most populated. For the 2mg trial, the fabric sample group averaged 1.13 pollen 

particles per ¾” diameter measurement and had a pollen count range from 0-3 (Table 

4.3d). The fabric sample wool 1 averaged 0.8 ± 0.84, wool 2 was 1.4 ± 1.34, and wool 3 
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was 1.2 ± 1.30 for attached pollen particles. The top left and right measurement areas of 

the fabric samples had the greatest amount of attached pollen.   

 

 

Table 4.3a Untreated Fabric Samples with 25mg Pollen 

Fabric UnC UnTL UnTR UnBL UnBR Avg. SD 
Grp 

Avg. 

Cotton 1 8 11 17 10 8 10.8 3.70 
 

Cotton 2 3 21 20 10 6 12 8.15 9.60 

Cotton 3 4 4 12 4 6 6 3.46 
 

Nylon 1 19 14 11 12 14 14 3.08 
 

Nylon 2 27 40 39 21 36 32.6 8.26 21.47 

Nylon 3 22 18 21 8 20 17.8 5.67 
 

Polyester 1 9 25 2 3 8 9.4 9.24 
 

Polyester 2 8 2 3 13 6 6.4 4.39 8.73 

Polyester 3 13 11 18 4 6 10.4 5.59 
 

Wool 1 1 2 0 3 1 1.4 1.14 
 

Wool 2 0 4 4 0 2 2 2.00 2.33 

Wool 3 8 3 5 0 2 3.6 3.05 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 

 

 
 

 

Table 4.3b Untreated Fabric Samples with 10mg Pollen 

Fabric UnC UnTL UnTR UnBL UnBR Avg. SD 
Grp 

Avg. 

Cotton 1 7 6 15 8 6 8.4 3.78 
 

Cotton 2 10 5 4 4 18 8.2 6.02 7.47 

Cotton 3 3 4 9 5 8 5.8 2.59 
 

Nylon 1 15 22 9 12 9 13.4 5.41 
 

Nylon 2 11 9 18 27 10 15 7.58 16.00 

Nylon 3 20 32 16 9 21 19.6 8.38 
 

Polyester 1 8 2 3 12 6 6.2 4.02 
 

Polyester 2 4 6 8 7 3 5.6 2.07 6.87 

Polyester 3 10 9 8 6 11 8.8 1.92 
 

Wool 1 3 0 4 2 1 2 1.58 
 

Wool 2 2 3 2 4 0 2.2 1.48 2.33 

Wool 3 3 0 0 5 6 2.8 2.77 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 
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Table 4.3c Untreated Fabric Samples with 5mg Pollen 

Fabric UnC UnTL UnTR UnBL UnBR Avg. SD 
Grp 

Avg. 

Cotton 1 4 4 6 7 5 5.2 1.30 
 

Cotton 2 3 9 3 2 8 5 3.24 4.87 

Cotton 3 6 2 6 3 5 4.4 1.82 
 

Nylon 1 8 12 15 6 13 10.8 3.70 
 

Nylon 2 10 8 14 12 14 11.6 2.61 11.53 

Nylon 3 15 12 13 13 8 12.2 2.59 
 

Polyester 1 6 8 3 7 4 5.6 2.07 
 

Polyester 2 6 5 4 3 2 4 1.58 4.73 

Polyester 3 1 5 4 8 5 4.6 2.51 
 

Wool 1 0 1 2 1 2 1.2 0.84 
 

Wool 2 1 0 2 0 2 1 1.00 1.27 

Wool 3 2 3 1 2 0 1.6 1.14 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 

 

 

 

 

 

 

 

Table 4.3d Untreated Fabric Samples with 2mg Pollen 

Fabric UnC UnTL UnTR UnBL UnBR Avg. SD 
Grp 

Avg. 

Cotton 1 4 7 5 3 2 4.2 1.92 
 

Cotton 2 4 3 8 3 4 4.4 2.07 4.20 

Cotton 3 3 6 3 5 3 4 1.41 
 

Nylon 1 11 16 14 16 10 13.4 2.79 
 

Nylon 2 12 8 9 11 13 10.6 2.07 11.47 

Nylon 3 9 11 13 7 12 10.4 2.41 
 

Polyester 1 6 7 3 5 2 4.6 2.07 
 

Polyester 2 6 4 3 7 8 5.6 2.07 4.47 

Polyester 3 6 1 5 2 2 3.2 2.17 
 

Wool 1 1 2 0 0 1 0.8 0.84 
 

Wool 2 0 3 2 0 2 1.4 1.34 1.13 

Wool 3 0 2 3 0 1 1.2 1.30 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 
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Acidic acid (vinegar) treatment results 

 

 
 

 

Figure 4.3 Pollen count on Acidic Acid (vinegar) treated fabric samples across all trials 
 

 

 

 

 

 

 

 

  

 

 

 

Cotton 25mg-2mg     Pollen count on fabric samples treated with acidic acid 

(vinegar) in the 25mg trial ranged from 0-8 particles per measured area (Table 4.4a). The 

group average was 3.35 with the top right and center measurement areas of the fabric 

samples had the greatest amount of attached pollen. Cotton 1 averaged 1.2 ± 1.09, cotton 

2 was 5.2 ± 1.92, and cotton 3 was 4.2 ± 0.84. Pollen count decreased with the 10mg trial 

resulting in a group average of 3.00 (Table 4.4b). The amount of attached pollen ranged 

from 0-7 with cotton 1 averaging 3.2 ± 1.92, cotton 2 at 2.4 ± 3.05, and cotton 3 at 3.4 ± 

1.14. The top right area of the fabric samples had the greatest pollen population. Figure 

4.3 shows that the 5mg trial decreased the amount of pollen on the fabric samples. Cotton 

1 averaged 2.2 ± 1.48, cotton 2 was 1.2 ± 0.84, and cotton 3 was 1.6 ± 1.52 creating a 

group average of 1.67 (Table 4.4c). Pollen count ranged from 0-4 and the greatest pollen 

populations were located on the top left and bottom left measurement areas of the fabric 
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samples. For the 2mg trial, cotton fabric samples had a group average of 1.53. Cotton 1 

averaged 1.8 ± 1.48, cotton 2 was 1.2 ± 1.64, and cotton 3 was 1.6 ± 0.89 (Table 4.4d). 

Pollen attached to the fabric samples ranged from 0-4 and was most commonly found on 

the top right and top left areas.  

  

 Nylon 25mg-2mg     Similar to the untreated nylon group, nylon fabric samples 

treated with acidic acid (vinegar) resulted in the highest pollen counts among the fiber 

groups. Pollen count for the 25mg trial ranged from 0-23 with a group average of 6.33 

(Table 4.4a). Nylon 1 averaged 1.8 ± 1.78, nylon 2 was 12.6 ± 7.12, and nylon 3 was 4.6 

± 2.30. The bottom left and center measurement areas of the fabric samples were the 

most populated with pollen.  Pollen count for the 10mg trial decreased across all the 

fabric samples; nylon 1 averaged 5 ± 4.06, nylon 2 was 5.8 ± 1.64, and nylon 3 was 4.8 ± 

5.89 creating a group averaged of 5.2 (Table 4.4b). The amount of pollen attached to 

fabric samples ranged from 0-15 and the greatest population of attached pollen was 

observed in the center and top right areas of the fabric samples. For the 5mg trial, a 

decrease in pollen count was observed compared to previous trials. Nylon 1 averaged 3.8 

± 1.92, nylon 2 was 2 ± 2.35, and nylon 3 was 3.4 ± 1.14 resulting in a group average of 

3.07 (Table 4.4c). The amount of pollen attached to the fabric samples ranged from 0-7 

with the greatest populations in the top left and top right measurement areas. The 2mg 

trial resulted in a group average of 2.4 with nylon 1 at 2.2 ± 1.30, nylon 2 at 3 ± 1.58, and 

nylon 3 at 2 ± 0.71 (Table 4.4d). Pollen counts ranged from 1-5 with the center, bottom 

left, and bottom right areas having the highest accumulation of pollen.  
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Polyester 25mg-2mg     The polyester fabric samples had the least amount of 

attached pollen of the fiber groups in the acidic acid (vinegar) treatment. Pollen count for 

the 25mg trial resulted in a group average of 2.00 where polyester  1 was 1.4 ± 1.34, 

polyester 2 was 2.2 ± 1.48, and polyester 3 was 2.4 ± 2.50 (Table 4.4a). Pollen count 

ranged from 0-6 with the center of the fabric samples having the greatest pollen particle 

population. The 10mg trial resulted in a group mean of 2.27 with polyester 1 at 3 ± 1.58, 

polyester 2 at 2.2 ± 1.92, and polyester 3 at 1.6 ± 1.14 (Table 4.4b). Pollen count ranged 

from 0-6 with the center measurement area of the fabric samples having the highest 

pollen population. The 5mg trial reduced the amount of pollen attached to the fabric 

samples compared to the previous trials; polyester 1 was 1 ± 0.71, polyester 2 was 1.4 ± 

1.34, and polyester 3 was 0.8 ± 0.84 resulting in a group average of 1.07 (Table 4.4c). 

The range of pollen on the fabric samples was from 0-3 with the center and top right 

measurement areas most populated.  The 2mg trial increased the amount of attached 

pollen across the fabric samples; polyester 1 was 1.2 ± 1.3, polyester 2 was 1 ± 0.71, and 

polyester 3 was 1.2 ± 0.84 resulting in a group average of 1.13 (Table 4.4d). The highest 

populations of attached pollen were the center, top right, and bottom right measurement 

locations on the fabric samples. Pollen attached to the fabric samples ranged from 0-3 in 

this trial.  

Wool 25mg-2mg     The 25mg trial with wool fabric samples resulted in wool 1 

averaging 4 ± 3.24, wool 2 was 2.6 ± 1.81, and wool 3 was 2.8 ± 0.83 (Table 4.4a). 

Pollen count ranged from 0-9 with a group average of 3.13. The center and top right 

measurement areas of the fabric samples had the highest population of attached pollen. 
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Pollen count for the 10mg trial decreased on the fabric samples resulting in wool 1 at 3.6 

± 1.14, wool 2 at 2.8 ± 1.92, and wool 3 at 2 ± 1.58 (Table 4.4b). The amount of pollen 

attached to the fabric samples ranged from 0-5 and the group average was 2.8. Both the 

bottom left and bottom right measurement areas of the fabric samples had the highest 

population of attached pollen. The trial with 5mg resulted in a group average of 1.60 with 

wool 1 at 2.4 ± 0.89, wool 2 at 1.8 ± 1.79, and wool 3 at 0.6 ± 0.89 (Table 4.4c). Pollen 

count on the fabric samples ranged from 0-4 with the top left and bottom left 

measurement areas having the highest population of attached pollen.  In the 2mg trial, the 

range of attached pollen particles was from 0-3. The group average was 1.4 with wool 1 

averaging 0.8 ± 0.84, wool 2 at 1.4 ± 1.14, and wool 3 at 2 ± 0.71 (Table 4.4d).  

 

 
Table 4.4a Acidic Acid (Vinegar) treated Fabric Samples with 25mg Pollen 

Fabric AC ATL ATR ABL ABR Avg SD Grp Avg. 

Cotton 1 2 0 0 2 2 1.2 1.10  

Cotton 2 5 6 8 4 3 5.2 1.92 3.53 

Cotton 3 5 4 4 5 3 4.2 0.84  

Nylon 1 4 0 2 3 0 1.8 1.79  

Nylon 2 15 5 7 23 13 12.6 7.13 6.33 

Nylon 3 5 3 2 8 5 4.6 2.30  

Polyester 1 0 2 0 2 3 1.4 1.34  

Polyester 2 3 0 2 2 4 2.2 1.48 2 

Polyester 3 6 3 3 0 0 2.4 2.51  

Wool 1 4 0 9 3 4 4 3.24  

Wool 2 3 3 5 0 2 2.6 1.82 3.13 

Wool 3 3 3 4 2 2 2.8 0.84  
Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 
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Table 4.4b Acidic Acid (Vinegar) treated Fabric Samples with 10mg Pollen 

Fabric AC ATL ATR ABL ABR Avg. SD Grp Avg. 

Cotton 1 1 4 2 6 3 3.2 1.92 
 

Cotton 2 1 0 7 0 4 2.4 3.05 3.00 

Cotton 3 2 3 5 4 3 3.4 1.14 
 

Nylon 1 5 3 12 2 3 5 4.06 
 

Nylon 2 5 8 4 7 5 5.8 1.64 5.20 

Nylon 3 15 4 3 2 0 4.8 5.89 
 

Polyester 1 2 1 3 4 5 3 1.58 
 

Polyester 2 5 3 2 1 0 2.2 1.92 2.27 

Polyester 3 2 3 0 1 2 1.6 1.14 
 

Wool 1 5 3 2 4 4 3.6 1.14 
 

Wool 2 0 5 2 4 3 2.8 1.92 2.80 

Wool 3 0 2 1 3 4 2 1.58 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 

 
 

 

 

 

Table 4.4c Acidic Acid (Vinegar) treated Fabric Samples with 5mg Pollen 

Fabric AC ATL ATR ABL ABR Avg.  SD Grp Avg. 

C1 2 4 3 2 0 2.2 1.48 
 

C2 2 1 0 2 1 1.2 0.84 1.67 

C3 0 3 2 3 0 1.6 1.52 
 

N1 2 3 7 4 3 3.8 1.92 
 

N2 2 1 6 1 0 2 2.35 3.07 

N3 2 3 5 4 3 3.4 1.14 
 

P1 1 1 2 0 1 1 0.71 
 

P2 3 2 0 0 2 1.4 1.34 1.07 

P3 1 0 2 1 0 0.8 0.84 
 

W1 3 3 2 1 3 2.4 0.89 
 

W2 0 4 0 3 2 1.8 1.79 1.60 

W3 0 1 0 2 0 0.6 0.89 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 

 

 

 

 
 

 

 

 



86 
 

 

Table 4.4d Acidic Acid (Vinegar) treated Fabric Samples with 2mg Pollen 

Fabric AC ATL ATR ABL ABR Avg. SD Grp Avg. 

C1 1 0 2 4 2 1.8 1.48 
 

C2 0 3 3 0 0 1.2 1.64 1.53 

C3 1 3 2 1 1 1.6 0.89 
 

N1 3 2 1 1 4 2.2 1.30 
 

N2 3 2 1 5 4 3 1.58 2.40 

N3 2 2 1 3 2 2 0.71 
 

P1 3 0 0 1 2 1.2 1.30 
 

P2 0 1 1 2 1 1 0.71 1.13 

P3 2 1 0 2 1 1.2 0.84 
 

W1 0 1 0 2 1 0.8 0.84 
 

W2 0 2 1 3 1 1.4 1.14 1.40 

W3 2 2 1 3 2 2 0.71 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 

 

 

 

 

 

 

 

Basic (ammonia) treatment results 

 

 

 
Figure 4.4 Pollen count on Basic (ammonia) treated fabric samples across all trials 
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Cotton 25mg-2mg     Pollen count on the cotton fabric samples for the basic 

(ammonia) treatment ranged from 0-6 resulting in a group average of 2.47 (Table 4.5a). 

Cotton 1 averaged 3.6 ± 1.52, cotton 2 was 1.2 ± 0.84, and cotton 3 was 2.6 ± 1.14. The 

bottom left and right measurement areas of the fabric samples had the highest population 

of attached pollen. Pollen count ranged from 0-6 on the fabric samples for the 10mg trial 

resulting in a group average of 2.73 (Table 4.5b). Cotton 1 averaged 2.6 ± 1.14, cotton 2 

was 1.6 ± 1.14, and cotton 3 was 4 ± 1.58 with the highest population of attached pollen 

in the center of the fabric samples. The rate of attached pollen decreased in the 5mg trial; 

cotton 1 averaged 1.4 ± 0.89, cotton 2 was 1.4 ± 1.14, and cotton 3 was 2 ± 1.22 resulting 

in a group average of 1.60 (Table 4.5c). Pollen count ranged from 0-3 and the highest 

population of pollen was located in the center of the fabric samples. The 2mg trial 

resulted in a group average of 1.4 with cotton 1 averaging 1.2 ± 1.30, cotton 2 at 1 ± 1.0, 

and cotton 3 at 2 ± 1.0 (Table 4.5d). Pollen count ranged from 0-3 and the highest 

population of attached pollen was observed in the center and bottom right measurement 

areas of the fabric samples.  

  

 Nylon 25mg-2mg     In contrast to the previous treatments, nylon fabric samples 

did not have the highest amount of attached pollen out of the fiber groups. The 25mg trial 

resulted in a group average of 5.93 with nylon 1 at 5 ± 8.49, nylon 2 at 8.4 ± 8.50, and 

nylon 3 at 4.4 ± 3.36 (Table 4.5a). Pollen count ranged from 0-20 with the highest 

population of pollen attached to the bottom left and bottom right measurement areas of 

the fabric samples.  The 10mg trial resulted in a group average of 5.80 with nylon 1 



88 
 

 

averaging 4.6 ± 3.65, nylon 2 at 3.8 ± 1.79, and nylon 3 at 9 ± 5.48 (Table 4.5b). Pollen 

count ranged from 1-15 with the highest population of attached pollen located on the top 

right and bottom left measurement areas of the fabric samples. The 5mg trial resulted in a 

group average of 2.80 with nylon 1 averaging 3 ± 1.0, nylon 2 at 2.8 ± 0.84, and nylon 3 

at 2.6 ± 1.14 (Table 4.5c). Pollen count ranged from 1-4 with the highest population of 

attached pollen in the center and top right measurement areas of the fabric samples. The 

2mg trial resulted in a group average of 2.27 with nylon 1 averaging 2.6 ± 1.14, nylon 2 

at 1.8 ± 0.84, and nylon 3 at 2.4 ± 1.14 (Table 4.5d). Pollen count on fabric samples 

ranged from 1-4 with the highest population of attached pollen on the top right and 

bottom left measurement areas.  

  

Polyester 25mg-2mg     Polyester fabric samples had the greatest amount of 

attached pollen across the fiber groups for this treatment. The 25mg trial resulted in a 

group average of 12.87 with polyester 1 at 17.6 ± 10.36, polyester 2 at 11 ± 9.19, and 

polyester 3 at 10 ± 4.69 (Table 4.5a). Pollen count ranged from 0-28 with the highest 

population of attached pollen in the center, top right, top left areas of the fabric samples. 

The 10mg trial resulted is a group average of 9.47 with polyester 1 at 13.2 ± 5.85, 

polyester 2 at 9.6 ± 4.22, and polyester 3 at 5.6 ± 2.07 (Table 4.5b). Pollen count ranged 

from 3-22 with the highest population of attached pollen located in the center and top left 

measurement areas of the fabric samples. The 5mg trial resulted in a group average of 

5.87 with polyester 1 averaging 8.8 ± 3.03, polyester 2 at 5.2 ± 1.92, and polyester 3 at 

3.6 ± 1.14 (Table 4.5c). Pollen count ranged from 2-13 with the highest population of 
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attached pollen at the center and top left measurement areas of the fabric samples. The 

2mg trial resulted in a group average of 6.13 with polyester 1 at 7.8 ± 3.70, polyester 2 at 

5.4 ± 2.07, and polyester 3 at 5.2 ± 2.28 (Table 4.5d). Pollen count ranged from 2-12 with 

the highest population of attached pollen at the center, top left, and bottom left 

measurement areas of the fabric samples.  

  

 Wool 25mg-2mg     The 25mg trial resulted in a group average of 3.27 with wool 

1 averaging 4 ± 2.00, wool 2 at 2 ± 1.58, and wool 3 at 3.8 ± 2.59 (Table 4.5a). Pollen 

count ranged from 0-7 with the highest population of pollen attached to the top left and 

top right measurement areas of the fabric samples. The 10mg trial resulted in a group 

average of 2.67 with wool 1 at 3 ± 1.58, wool 2 at 3.4 ± 1.14, and wool 3 at 1.6 ± 1.14 

(Table 4.5b). Pollen count ranged from 0-5 with the top and bottom right measurement 

areas of the fabric samples most populated. The 5mg trial resulted in a group average of 

1.53 with wool 1 averaging 1.6 ± 1.14, wool 2 at 1.8 ± 1.30, and wool 3 at 1.2 ± 0.84 

(Table 4.5c). Pollen count ranged from 0-3 with the highest population of attached pollen 

on the bottom left and bottom right measurement areas of the fabric samples. The 2mg 

trial resulted in a group average of 1.40 with wool 1 at 0.8 ± 0.84, wool 2 at 1.8 ± 1.30, 

and wool 3 at 1.6 ± 1.14 (Table 4.5d). Pollen count ranged from 0-3 with highest 

population of attached pollen at the top right measurement area of the fabric samples.  
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Table 4.5a Basic (Ammonia) treated Fabric Samples with 25mg Pollen 

Fabric BC BTL BTR BBL BBR Avg. SD Grp Avg. 

C1 3 2 4 6 3 3.6 1.52 
 

C2 2 1 0 1 2 1.2 0.84 2.47 

C3 2 3 1 4 3 2.6 1.14 
 

N1 3 0 0 2 20 5 8.49 
 

N2 5 0 2 18 17 8.4 8.50 5.93 

N3 10 2 5 3 2 4.4 3.36 
 

P1 26 15 28 2 17 17.6 10.36 
 

P2 13 21 18 3 0 11 9.19 12.87 

P3 15 8 7 5 15 10 4.69 
 

W1 2 7 3 5 3 4 2.00 
 

W2 0 2 3 4 1 2 1.58 3.27 

W3 3 6 7 2 1 3.8 2.59 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 

 

 

 

Table 4.5b  Basic (Ammonia) treated Fabric Samples with 10mg Pollen 

Fabric BC BTL BTR BBL BBR Avg. SD Grp Avg. 

C1 4 1 3 2 3 2.6 1.14 
 

C2 2 1 2 3 0 1.6 1.14 2.73 

C3 6 5 3 2 4 4 1.58 
 

N1 2 3 8 9 1 4.6 3.65 
 

N2 2 5 4 6 2 3.8 1.79 5.80 

N3 1 15 13 9 7 9 5.48 
 

P1 22 15 13 9 7 13.2 5.85 
 

P2 13 15 8 7 5 9.6 4.22 9.47 

P3 4 3 6 7 8 5.6 2.07 
 

W1 1 2 3 5 4 3 1.58 
 

W2 3 5 4 2 3 3.4 1.14 2.67 

W3 2 1 2 0 3 1.6 1.14 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 
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Table 4.5c Basic (Ammonia) treated Fabric Samples with 5mg Pollen 

Fabric BC BTL BTR BBL BBR Avg. SD Grp Avg. 

C1 2 2 1 0 2 1.4 0.89 
 

C2 3 1 0 2 1 1.4 1.14 1.60 

C3 2 3 0 3 2 2 1.22 
 

N1 3 2 4 2 4 3 1.00 
 

N2 3 3 4 2 2 2.8 0.84 2.80 

N3 3 1 4 3 2 2.6 1.14 
 

P1 13 10 9 5 7 8.8 3.03 
 

P2 4 3 5 8 6 5.2 1.92 5.87 

P3 4 5 3 2 4 3.6 1.14 
 

W1 1 0 2 2 3 1.6 1.14 
 

W2 2 1 0 3 3 1.8 1.30 1.53 

W3 2 0 1 2 1 1.2 0.84 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 

 

 
 

 

 

 

Table 4.5d Basic (Ammonia) treated Fabric Samples with 2mg Pollen 

Fabric BC BTL BTR BBL BBR Avg. SD Grp Avg. 

C1 2 0 1 0 3 1.2 1.30 1.40 

C2 2 1 2 0 0 1 1.00 
 

C3 2 1 3 3 1 2 1.00 
 

N1 2 1 3 3 4 2.6 1.14 2.27 

N2 2 1 2 3 1 1.8 0.84 
 

N3 1 4 3 2 2 2.4 1.14 
 

P1 11 12 6 7 3 7.8 3.70 6.13 

P2 3 4 5 7 8 5.4 2.07 
 

P3 9 3 4 5 5 5.2 2.28 
 

W1 0 0 1 2 1 0.8 0.84 1.40 

W2 3 2 3 0 1 1.8 1.30 
 

W3 0 2 3 2 1 1.6 1.14 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 
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Fabric softener treatment results 

 
 

 

Figure 4.5 Pollen count on Fabric Softener treated fabric samples across all trials 

 

 

 

 

 

 

 

  

 

 

 

Cotton 25mg-2mg     Pollen count on the cotton fabric samples that were treated 

with fabric softener for the 25mg trial resulted in a group average of 5. The range of 

attached pollen was from 2-10 with the highest population in the center and bottom left of 

the fabric samples (Table 4.6a). Cotton 1 averaged 6.4 ± 2.51, cotton 2 was 3 ± 1, and 

cotton 3 was 5.6 ± 1.52. The 10mg trial resulted in a group average of 4.8 with cotton 1 

averaging 5.2 ± 1.92, cotton 2 at 5.6 ± 2.07, and cotton 3 at 3.6 ± 1.14 (Table 4.6b). 

Pollen count ranged from 2-8 with the highest population of attached pollen on the top 

left measurement area of the fabric samples. The 5mg trial resulted in a group average of 

3.13 with cotton 1 at 3.6 ± 1.52, cotton 2 at 4.0 ± 1.0, and cotton 3 at 1.8 ± 0.84 (Table 

4.6c). Pollen count ranged from 1-6 with the highest population of attached pollen in the 

bottom left measurement area of the fabric samples. The 2mg trial resulted in a group 

average of 2.2 with cotton 1 averaging 3 ± 1.58, cotton 2 at 1.6 ± 1.14, and cotton 3 at 2 ± 
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1.58 (Table 4.6d). Pollen count ranged from 0-5 with the highest population of attached 

pollen in the bottom left and bottom right measurement areas of the fabric samples.  

 

 Nylon 25mg-2mg     The nylon fabric samples for the 25mg trial had a group 

average of 10.07 with nylon 1 averaging 9.4 ± 3.36, nylon 2 at 12.8 ± 4.87, and nylon 3 

was 8 ± 5.61 (Table 4.6a). Pollen count ranged from 0-20 with the highest population of 

pollen attached to the bottom left and bottom right measurement areas of the fabric 

samples. The 10mg trial resulted in a group average of 8.27 with nylon 1 at 6 ± 1.58, 

nylon 2 at 7.8 ± 3.03, and nylon 3 at 11 ± 3.16 (Table 4.6b). Pollen count ranged from 3-

15 with the highest population of attached pollen in the center of the fabric samples .The 

5mg trial resulted in a group average of 4.67 with nylon 1 averaging 5 ± 1.58, nylon 2 at 

3 ± 2, and nylon 3 at 6 ± 2 (Table 4.6c). Pollen count ranged from 1-8 with the highest 

population of attached pollen in the bottom left measurement area of the fabric samples.  

The trial with 2mg resulted in a group average of 3.67 with nylon 1 at 4.2 ± 1.30, nylon 2 

at 3.6 ± 1.52, and nylon 3 at 3.2 ± 1.64 (Table 4.6d). Pollen count ranged from 1-6 with 

the greatest population of pollen attached to the top left of the fabric samples.  

 

 Polyester 25mg-2mg     The polyester fabric samples treated with fabric softener 

for the 25mg trial had a group average of 9.67 with polyester 1 averaging 10.4 ± 7.96, 

polyester 2 at 8.6 ± 8.26, and polyester 3 at 10 ± 2.35 (Table 4.6a). Pollen count ranged 

from 3-23 with the highest population of pollen attached to the center and bottom right 

measurement areas of the fabric samples. The 10mg trial resulted in a group average of 
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8.47 with polyester 1 at 7.6 ± 4.39, polyester 2 at 5.8 ± 4.53, and polyester 3 at 12 ± 1.30 

(Table 4.6b). Pollen count ranged from 4-18 with the highest population of pollen 

attached to the top right and bottom right measurement areas of the fabric samples. The 

5mg trial resulted in a group average of 5.6 with polyester 1 averaging 6.8 ± 2.59, 

polyester 2 at 6.2 ± 2.95, and polyester 3 at 3.8 ± 1.30 (Table 4.6c). Pollen count ranged 

from 2-11 with the highest population of pollen on the top left and bottom left 

measurement areas of the fabric samples. The 2mg trial resulted in a group average of 4.8 

with polyester 1 at 4 ± 1.58, polyester 2 at 3.4 ± 1.58, and polyester 3 at 7 ± 1.14 (Table 

4.6d). Pollen count ranged from 2-9 with the highest population of pollen attached to the 

center of the fabric samples.  

 

 Wool 25mg-2mg     The 25mg trial with wool fabric samples treated with fabric 

softener resulted in a group average of 2.6 (Table 4.6a). Wool 1 averaged 3.8 ± 3.63, 

wool 2 was 2.2 ± 0.83, and wool 3 was 1.8 ± 1.79. Pollen count ranged from 0-8 with the 

greatest amount of pollen attached to the bottom left and bottom right measurement areas 

of the fabric samples. The 10mg trial resulted in a group average of 2 with wool 1 

averaging 1.6 ± 1.14, wool 2 at 2 ± 1.58, and wool 3 at 2.4 ± 1.14 (Table 4.6b). Pollen 

count ranged from 0-4 with the highest attached pollen population in the center of the 

fabric samples. The 5mg trial resulted in a group average of 1.2 with wool 1 at 1.6 ± 1.14, 

wool 2 at 0.8 ± 0.84, and wool 3 at 1.2 ± 0.83 (Table 4.6c). Pollen count ranged from 0-3 

with the top right and bottom left measurement areas the most populated. The 2mg trial 

resulted in a group average of 1.76 with wool 1 averaging 1 ± 1, wool 2 at 1.4 ± 1.14, and 
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wool 3 at 0.8 ± 0.84 (Table 4.6d). Pollen count ranged from 0-3 with the center being the 

most populated by pollen. 

 

Table 4.6a  Fabric Softener treated Fabric Samples with 25mg Pollen 

Fabric FsC FsTL FsTR FsBL FsBR Avg. SD Grp Avg. 

C1 10 6 3 7 6 6.4 2.51 
 

C2 4 2 3 4 2 3 1.00 5.00 

C3 6 4 5 8 5 5.6 1.52 
 

N1 9 5 8 14 11 9.4 3.36 
 

N2 8 12 9 15 20 12.8 4.87 10.07 

N3 11 8 0 15 6 8 5.61 
 

P1 18 3 20 5 6 10.4 7.96 
 

P2 3 4 8 5 23 8.6 8.26 9.67 

P3 8 13 12 9 8 10 2.35 
 

W1 5 0 0 6 8 3.8 3.63 
 

W2 2 3 1 3 2 2.2 0.84 2.60 

W3 0 3 4 2 0 1.8 1.79 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 

 

 

 

 

 

 

Table 4.6b  Fabric Softener treated Fabric Samples with 10mg Pollen 

Fabric FsC FsTL FsTR FsBL FsBR Avg. SD Grp Avg. 

C1 4 8 5 6 3 5.2 1.92 
 

C2 4 8 3 6 7 5.6 2.07 4.80 

C3 5 4 3 2 4 3.6 1.14 
 

N1 8 6 7 5 4 6 1.58 
 

N2 9 8 6 4 12 7.8 3.03 8.27 

N3 15 13 9 11 7 11 3.16 
 

P1 8 6 15 5 4 7.6 4.39 
 

P2 6 7 7 5 4 5.8 4.53 8.47 

P3 8 7 13 14 18 12 1.30 
 

W1 3 0 2 1 2 1.6 1.14 
 

W2 4 2 3 1 0 2 1.58 2.00 

W3 4 2 3 1 2 2.4 1.14 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 
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Table 4.6c Fabric Softener treated Fabric Samples with 5mg Pollen 

Fabric FsC FsTL FsTR FsBL FsBR Avg. SD Grp Avg. 

C1 3 2 4 6 3 3.6 1.52 
 

C2 3 5 5 4 3 4 1.00 3.13 

C3 2 1 2 3 1 1.8 0.84 
 

N1 6 5 4 7 3 5 1.58 
 

N2 6 2 2 4 1 3 2.00 4.67 

N3 3 5 7 8 7 6 2.00 
 

P1 5 4 6 9 10 6.8 2.59 
 

P2 4 11 5 7 4 6.2 2.95 5.60 

P3 5 3 2 4 5 3.8 1.30 
 

W1 0 1 3 2 2 1.6 1.14 
 

W2 1 0 0 1 2 0.8 0.84 1.20 

W3 2 1 2 1 0 1.2 0.84 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 

 

 

 

 

 
Table 4.6d Fabric Softener treated Fabric Samples with 2mg Pollen 

Fabric FsC FsTL FsTR FsBL FsBR Avg. SD Grp Avg. 

C1 1 4 3 2 5 3 1.58 
 

C2 1 0 2 3 2 1.6 1.14 2.20 

C3 4 1 0 3 2 2 1.58 
 

N1 5 6 3 4 3 4.2 1.30 
 

N2 3 4 6 2 3 3.6 1.52 3.67 

N3 1 5 2 4 4 3.2 1.64 
 

P1 6 2 3 4 5 4 1.58 
 

P2 3 2 4 5 3 3.4 1.58 4.80 

P3 7 9 8 6 5 7 1.14 
 

W1 2 0 0 1 2 1 1.00 
 

W2 3 1 0 2 1 1.4 1.14 1.07 

W3 1 2 0 0 1 0.8 0.84 
 

Key: C=center, TL=top left, TR=top right, BL=bottom left, BR=bottom right 
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Discussion 

 

Figure 4.6 Pollen Count on Cotton Fabric Samples Across all Treatments 
 

 

 

 

 

 

 

  

 

 

 

Cotton 25mg-2mg     The group average for the untreated cotton fabric samples 

was 9.60 for the 25mg trial, 7.47 for the for the 10mg trial, 4.87 for the 5mg trial, and 

4.20 for the 2mg trial. Group averages for the acidic acid (vinegar) treatment include 3.53 

for the 25mg trial, 3.00 for the 10mg, 1.67 for the 5mg, and 1.53 for the 2mg trial. The 

basic (ammonia) treatment on fabric samples resulted in group averages of 2.47 for the 

25mg, 2.73 for the 10mg, 1.60 for the 5mg, and 1.40 for the 2mg trial. Cotton fabric 

samples treated with fabric softener group averages included 5.0 for the 25mg, 4.80 for 

the 10mg , 3.13 for the 5mg, and 2.20 for the 2mg trial. Comparing these group average 

shows that the basic (ammonia) treatment lowered the amount of attached pollen on the 

fabric samples the most out of the treatments followed by the acidic acid (vinegar), and 

the fabric softener treatment. Refer to Figure 4.6. 
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 Table 4.7a shows statistical comparisons between treatment types for cotton 

fabric samples. For the 25mg trial, there is a significant difference between all treatment 

types except between the acidic acid (vinegar) and fabric softener treatments which are 

barely non-significant (p=0.78). The 10mg trial shows significant differences for all the 

treatment comparisons except acidic acid (vinegar) & basic (ammonia). The 5mg trial 

produced significant results for all treatment type comparisons except in the acidic acid 

(vinegar) & basic (ammonia) category. T-tests for observed results in the 2mg trial 

detected no significant differences between the acidic acid (vinegar) & basic (ammonia), 

acidic acid (vinegar) & fabric softener, and basic (ammonia) and fabric softener 

treatments.  However, significant differences were shown in this trial when the treatment 

types were compared to the untreated fabric samples.  

 

Table 4.7a T-Test comparisons of Treatments on Cotton Fabric Samples 

 

 
 

 

 

 

 

 

Treatment  

T-Tests 25mg   
Treatment  

T-Tests 10mg 

  

Un & Acid Un & Basic Un & Fab. Soft Un & Acid Un & Basic Un & Fab. Soft 

p<0.001 p<0.001 p=0.007 p=0.001132 p<0.001 p=0.038803 

Acid & Basic Acid & Fab. Soft Basic & Fab. Soft Acid & Basic Acid & Fab. Soft Basic & Fab. Soft 

p=0.0128651 p=0.078795 p=0.001094 p=0.773937 p=0.01688 p=0.002774 

Treatment  

T-Tests 05mg   
Treatment  

T-Tests 02mg 

  

Un & Acid Un & Basic Un & Fab. Soft Un & Acid Un & Basic Un & Fab. Soft 

p<0.001 p<0.001 p=0.016684 p<0.001 p<0.001 p<0.001225 

Acid & Basic Acid & Fab. Soft Basic & Fab. Soft Acid & Basic Acid & Fab. Soft Basic & Fab. Soft 

p=0.757905 p=0.013634 p=0.004211 p=0.754175 p=0.183295 p=0.105402 
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Figure 4.7 Pollen Count on Nylon Fabric Samples Across all Treatments 

 

 

 

 

 

 

 

 

  

 

 

Nylon 25mg-2mg     The group average for untreated nylon fabric samples was 

21.47 for the 25mg trial,  16.00 for the 10mg, 11.53 for the 5mg, and  11.47 for the 2mg 

trial. Group averages for nylon fabric samples treated with acidic acid (vinegar) include 

6.33 for the 25mg, 5.20 for the 10mg, 3.07 for the 5mg, and 2.40 for the 2mg trial. The 

basic (ammonia) treatment resulted in group averages of 5.93 for the 25mg, 5.80 for the 

10mg, 2.80 for the 5mg, and 2.27 for the 2mg trial. Fabric softener treated nylon fabric 

samples group averages included 10.07 for the 25mg, 8.27 for the 10mg, 4.67 for the 

5mg, and 3.67 for the 2mg trial. The acidic acid (vinegar) treatment had the largest 

observed reduction in the amount of pollen attached to nylon fabric samples followed by 

the basic (ammonia) and fabric softener treatments. Refer to Figure 4.7. 

 Table 4.7b shows statistical comparisons between treatment types for nylon fabric 

samples. For the 25mg trial, there is a significant difference between all treatment types 

except the acidic acid (vinegar) & fabric softener treatments which is barely non-

significant (p=0.78). The 10mg trial shows significant differences for all the treatment 
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comparisons except acidic acid (vinegar) & basic (ammonia) and basic (ammonia) & 

fabric softener. The 5mg trial shows significant results for all treatment type comparisons 

except in the acidic acid (vinegar) & basic (ammonia) treatment comparison. The 2mg 

trial comparisons detected no significant differences between the acidic acid (vinegar) & 

basic (ammonia) treatments. However, significant differences were found in all other 

treatment comparisons.  

 

 

Table 4.7b Comparisons of Treatments on Nylon Fabric Samples 

 

 

 

 

 

 

 

 

Treatment 

T-Tests 25mg   
Treatment 

T-Tests 10mg 

  

Un & Acid Un & Basic Un & Fab. Soft Un & Acid Un & Basic Un & Fab. Soft 

p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 

Acid & Basic Acid & Fab. Soft Basic & Fab. Soft Acid & Basic Acid & Fab. Soft Basic & Fab. Soft 

p=0.869399 p=0.078603 p=0.068042 p=0.695318 p=0.03367 p=0.102629 

Treatment 

T-Tests 05mg   
Treatment 

T-Tests 02mg 

  

Un & Acid Un & Basic Un & Fab. Soft Un & Acid Un & Basic Un & Fab. Soft 

p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 

Acid & Basic Acid & Fab. Soft Basic & Fab. Soft Acid & Basic Acid & Fab. Soft Basic & Fab. Soft 

p=0.631042 p=0.040311 p=0.004743 p=0.76147 p=0.02163 p=0.00574 
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Figure 4.8 Pollen Count on Polyester Fabric Samples Across all Treatments 

 

 

 

 

 

 

 

 

  

 

 

Polyester 25mg-2mg     For untreated polyester fabric samples group averages 

included 8.73 for the 25mg, 6.87 for the 10mg, 4.73 for the 5mg, and 4.47 for the 2mg 

trial. The acidic acid (vinegar) treatment resulted in group averages of 2.00 for the 25mg, 

2.27 for the 10mg, 1.07 for the 5mg, and 1.13 for the 2mg trial. The basic (ammonia) 

treatment raised the group averages to 12.87 for the 25mg, 9.47 for the 10mg, 5.87 for the 

5mg, and 6.13 for the 2mg trial. Fabric softener treated fabric samples resulted in group 

averages of 9.67 for the 25mg, 8.47 for the 10mg, 5.60 for the 5mg, and 4.80 for the 2mg 

trial. As shown in Figure 4.8 the acidic acid (vinegar) treatment reduced the amount of 

attached pollen on polyester fabric samples while the basic (ammonia) and fabric softener 

treatments increased the amount of pollen on the treated fabric samples to higher rates 

than the untreated polyester fabric samples.  

 Table 4.7c shows statistical comparisons between treatment types for polyester 

fabric samples. For the 25mg trial, there is a significant difference between all treatment 

types except the basic (ammonia) & fabric softener. The 10mg trial shows non-significant 
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differences for the untreated & basic (ammonia), untreated & fabric softener, and basic 

(ammonia) and fabric softener treatment comparisons. The 5mg trial shows non-

significant differences in the comparisons of untreated & basic (ammonia), untreated & 

fabric softener, and basic (ammonia) & fabric softener. The 2mg trial detected the same 

significant and non-significant differences between the treatment types as listed in the 

5mg trial. 

 

Table 4.7c Comparisons of Treatments on Polyester Fabric Samples 

Treatment  

T-Tests 25mg   
Treatment 

T-Tests 10mg 

  

Un & Acid Un & Basic Un & Fab. Soft Un & Acid Un & Basic Un & Fab. Soft 

p<0.001 p=0.146998805 p=0.692310644 p<0.001 p=0.101616 p=0.252301 

Acid & Basic Acid & Fab. Soft Basic & Fab. Soft Acid & Basic Acid & Fab. Soft Basic & Fab. Soft 

p<0.001 p<0.001 p=0.253652 p<0.001 p<0.001 p=0.570578 

Treatment  

T-Tests 05mg   
Treatment 

T-Tests 02mg 

  

Un & Acid Un & Basic Un & Fab. Soft Un & Acid Un & Basic Un & Fab. Soft 

p<0.001 p=0.347381 p=0.317907 p<0.001 p=0.102514 p=0.675208 

Acid & Basic Acid & Fab. Soft Basic & Fab. Soft Acid & Basic Acid & Fab. Soft Basic & Fab. Soft 

p<0.001 p<0.001 p=0.950191 p<0.001 p<0.001 p=0.186041 
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Figure 4.9 Pollen Count on Wool Fabric Samples Across all Treatments 

 

 

 

 

 

 

 

 

 

 

  

 

Wool 025mg-2mg     The group average for untreated wool fabric samples was 

2.33 for the 25mg trial,  2.33 for the 10mg, 1.27 for the 5mg, and  1.13 for the 2mg trial. 

Group averages for wool fabric samples treated with acidic acid (vinegar) include 3.13 

for the 25mg, 2.80 for the 10mg, 1.60 for the 5mg, and 1.40 for the 2mg trial. The basic 

(ammonia) treatment resulted in group averages of 3.27 for the 25mg, 2.67 for the 10mg, 

1.53 for the 5mg, and 1.40 for the 2mg trial. Fabric softener treated wool fabric samples 

group averages included 2.60 for the 25mg, 2.00 for the 10mg, 1.20 for the 5mg, and 1.07 

for the 2mg trial. The fabric softener treatment was the only treatment to lower the 

amount of attached pollen on the fabric samples compared to the untreated fabric 

samples.   Acidic acid (vinegar) and basic (ammonia) treatments increased the amount of 

attached pollen on the fabric samples in comparison to the untreated samples. Refer to 

figure 4.9. 
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Table 4.7d shows statistical comparisons between treatment types for wool fabric 

samples. For all trials and treatments there were no significant differences between 

treatment types for the wool fabric samples 

 

Table 4.7d Comparisons of Treatments on Wool Fabric Samples 

Treatment 

T-Tests 25mg   
Treatment 

T-Tests 10mg 

  

Un & Acid Un & Basic Un & Fab. Soft Un & Acid Un & Basic Un & Fab. Soft 

p=0.327050924 p=0.256386436 p=0.755437437 p=0.476284 p=0.594947 p=0.577193 

Acid & Basic Acid & Fab. Soft Basic & Fab. Soft Acid & Basic Acid & Fab. Soft Basic & Fab. Soft 

p=0.865968 p=0.523822 p=0.428404 p=0.813371 p=0.14047 p=0.188337 

Treatment 

T-Tests 05mg   
Treatment 

T-Tests 02mg 

  

Un & Acid Un & Basic Un & Fab. Soft Un & Acid Un & Basic Un & Fab. Soft 

p=0.356749 p=0.60716 p=0.716452 p=0.495652 p=0.520921 p=0.862763 

Acid & Basic Acid & Fab. Soft Basic & Fab. Soft Acid & Basic Acid & Fab. Soft Basic & Fab. Soft 

p=0.644756 p=0.204128 p=0.370225 p=1 p=0.356386 p=0.389456 
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Electrostatic Cling Test Results (AATCC115) 

 

In order to establish electrostatic charge rankings the AATCC115 (2005) 

Electrostatic Cling test was performed on the fabric samples.  Untreated and treated 

fabric samples were randomly tested between 30-35% relative humidity and 73-77 

degrees Fahrenheit. The procedure is outlined in Chapter 3 Methods. The average warp 

electrostatic cling time for the fabric samples was used with pollen count for the 

regression analysis.  The relationship between electrostatic cling time and pollen 

attraction is discussed in the following sections: within fiber, across fiber, and across 

fabric. Tables 4.8a-4.8d show fabric samples’ electrostatic cling time averages and 

standard deviations, ranked from highest to lowest.  

 

 

 

Table 4.8a Untreated fabrics’ electrostatic cling test results 

Ranking 

Nylon Rubbing Fabric Polyester Rubbing Fabric 

Fiber type 

Warp Average 

Cling time (seconds) 

± SD Fiber type 

Warp Average 

Cling time (seconds) 

± SD 

1 Nylon 3 >600 ± 0 Nylon 1 >600 ± 0 

2 Polyester 1 >600 ±0 Nylon 3 480.2 ± 11.13 

3 Polyester 3 594.6 ± 5.07 Nylon 2 468.4 ± 13.69 

4 Nylon 2 497.3 ± 11.36 Polyester 3 101.3 ± 6.39 

5 Polyester 2 347.9 ± 6.4 Polyester 2 87.0 ± 14.34 

6 Nylon 1 124.2 ± 6.02 Cotton 1 68.1 ± 6.8 

7 Wool 1 35.5 ± 7.24 Wool 2 67.8 ± 13.71 

8 Wool 2 29.5 ± 6.2 Wool 3 59.9 ± 2.32 

9 Wool 3 18.7 ± 3.0 Wool 1 55.2 ± 1.9 

10 Cotton 3 16.2 ± 2.97 Polyester 1 48.9 ± 3.11 

11 Cotton 1 13.73 ± 4.14 Cotton 3 41.1 ± 4.87 

12 Cotton 2 8.6 ± 3.65 Cotton 2 9.1 ± 3.13 
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Table 4.8b Acidic acid treated fabrics’ electrostatic cling test results 

Ranking 
Nylon Rubbing Fabric Polyester Rubbing Fabric 

Fiber type 

Warp Average 

Cling time (seconds) 

± SD Fiber type 

Warp Average 

Cling time (seconds) 

± SD 

1 Polyester 3 518.7 ± 12.97 Nylon 1 473.7 ± 6.88 

2 Nylon 3 485.7 ± 13.75 Nylon 2 355.9 ± 13.75 

3 Polyester 1 459.7 ± 13.3 Nylon 3 329.3 ± 10.63 

4 Nylon 2 316.2 ± 13.57 Polyester 3 21.8 ± 1.72 

5 Polyester 2 309.8 ± 15.02 Polyester 1 16.4 ± 2.61 

6 Nylon 1 115.8 ± 8.54 Polyester 2 11.9 ± 1.65 

7 Wool 2 13.9 ± 3.21 Cotton 2 7.0 ± 0.9 

8 Wool 1 8.7 ± 0.55 Wool 3 7.0 ± 1.43 

9 Wool 3 7.9 ± 1.65 Wool 1 6.6 ± 0.83 

10 Cotton 1 6.4 ± 0.75 Wool 2 6.5 ± 0.87 

11 Cotton 3 6.3 ± 1.41 Cotton 3 5.4 ± 1.82 

12 Cotton 2 4.4 ± 0.47 Cotton 1 4.3 ± 1.0 

 
 

 

 

 

Table 4.8c Basic treated fabrics’ electrostatic cling test results 

Ranking 

Nylon Rubbing Fabric Polyester Rubbing Fabric 

Fiber type 

Warp Average 

Cling time (seconds) ± SD Fiber type 

Warp Average 

Cling time (seconds) ± SD 

1 Polyester 1 598.4 ± 2.65 Nylon 1 >600 ± 0 

2 Nylon 3 476.5 ± 14.88  Nylon 3 >600 ± 0 

3 Polyester 3 457.3 ± 10.83 Nylon 2 590.6 ± 8.15 

4 Polyester 2 374.0 ± 11.26 Polyester 1 466.7 ± 11.33 

5 Nylon 2 254.2 ± 14.75 Polyester 3 365.2 ± 13.88 

6 Nylon 1 155.1 ± 7.05 Polyester 2 173.3 ± 11.5 

7 Cotton 1 107.5 ± 17.09 Wool 3 69.6 ± 11.04 

8 Wool 2 37.5 ± 5.38 Wool 2 67.2 ± 12.77 

9 Wool 1 30.1 ± 1.83 Wool 1 57.8 ± 0.62 

10 Wool 3 15.8 ± 2.75 Cotton 1 19.2 ± 4.03 

11 Cotton 3 8.5 ± 2.9 Cotton 3 10.7 ± 2.46 

12 Cotton 2 6.4 ± 1.06 Cotton 2 10.2 ± 1.85 
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Table 4.8d Fabric softener treated fabrics’ electrostatic cling test results 

Ranking 

Nylon Rubbing Fabric Polyester Rubbing Fabric 

Fiber type Warp Average 

Cling time (seconds) ± SD 

Fiber type Warp Average 

Cling time (seconds) ± SD 

1 Nylon 2 313.1 ± 11.52 Nylon 1 21.6 ± 1.25 

2 Nylon 3 301.5 ± 7.73 Nylon 3 20.5 ± 1.25 

3 Nylon 1 119.7 ± 5.23 Nylon 2 8.7 ± 1.30 

4 Polyester 1 11.5 ± 0.87 Polyester 1 6.9 ± 0.7 

5 Polyester 3 10.3 ± 0.26 Polyester 3 6.8 ± 0.35 

6 Cotton 1 9.2 ± 0.55 Wool 3 6.8 ± 0.43   

7 Polyester 2 6.9 ± 1.04 Polyester 2 5.9 ± 1.12 

8 Wool 3 3.9 ± 1.55 Wool 2 5.2 ± 0.43 

9 Cotton 2 2.9 ± 1.15 Cotton 1 3.7 ± 0.55 

10 Cotton 3 2.6 ± 0.20 Wool 1 3.6 ± 0.85 

11 Wool 1 2.5 ± 0.15 Cotton 3 3.2 ± 0.37 

12 Wool 2 2.4 ± 0.32 Cotton 2 3 ± 0.79 

 

 

Electrostatic cling times and their standard deviations are not consistent within 

fibers, across fibers, and across fabrics as shown in Tables 4.8a-4.8d. When looking at 

how the treatments affected the electrostatic cling times, Tables 4.9a and 4.9b show that 

for both nylon and polyester rubbing clothes, acid and fabric softener treatments caused a 

significant decrease in the electrostatic cling times for all fiber fabrics. As for the basic 

treated fabrics, using nylon as the rubbing fabric, a general decreasing trend is also 

observed other than polyester 2, nylon 1, wool 2  and cotton 1 which show a slightly 

increased electrostatic cling times compared to the untreated fabrics. When using 

polyester rubbing cloth, the basic treatment caused an increase in electrostatic cling times 

for most fabrics except wool 2 and cotton 1, 2 and 3 as compared to those of untreated 

counterparts.  
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Table 4.9a Untreated and treated fabric warp cling times using nylon rubbing cloth 

 

 

 
Table 4.9b Untreated and treated fabric warp cling times using polyester rubbing cloth 

Fiber  

Type 

Untreated Cling  

time (seconds) ± SD 

Acid Treated  

Cling time ± SD 

Basic Treated  

Cling time ± SD 

Fabric Softener 

 Treated  

Cling time ± SD 

Nylon 1 
>600 ± 0 473.7 ± 6.88  >600 ± 0 21.6 ± 1.25 

Nylon 3 
480.2 ± 11.13 329.3 ± 10.63 >600 ± 0 20.5 ± 1.25 

Nylon 2 
468.4 ± 13.69 355.9 ± 13.75 590.6 ± 0 8.7 ± 1.30 

Polyester 3 
101.3 ± 6.39 21.8 ± 1.72 365.2 ± 13.88 6.8 ± 0.35 

Polyester 2 
87 ± 14.34 11.9 ± 1.65 173.3 ± 11.50 5.9 ± 1.12 

Cotton 1 
68.1 ± 6.80 4.3 ± 1.0 19.2 ± 1.03 ↓ 3.7 ± 0.55 

Wool 2 
67.8 ± 13.71 6.5 ± 0.87 67.2 ± 12.77 ↓ 5.2 ± 0.43 

Wool 3 
59.9 ± 2.32 7 ± 1.43 69.6 ± 11.04 6.8 ± 0.43 

Wool 1 
55.2 ± 1.9 6.6 ± 0.83 57.8 ± 0.62 3.6 ± 0.85 

Polyester 1 
48.9 ± 3.11 16.4 ± 2.61 466.7 ± 11.33 6.9 ± 0.70 

Cotton 3 
41.1 ± 4.87 5.4 ± 1.82 10.7 ± 2.46 ↓ 3.2 ± 0.37 

Cotton 2 
9.1 ± 3.13 7 ± 0.90 10.2 ± 1.85 ↓ 3 ± 0.79 

 

Fiber 

type 

Untreated  

Cling time  

(seconds) ± SD 

Acid Treated 

Cling time ± SD 

Basic Treated  

Cling time ± SD 

Fabric Softener  

Treated  

Cling time ± SD 

Nylon 3 
600 ± 0 485.7 ± 13.75 476.5 ± 14.88 301.5 ± 7.73 

Polyester 

1 600 ± 0 459.7 ± 13.3 598.4 ± 2.65 11.5 ± 0.87 

Polyester 

3 594.6 ± 5.07 518.7 ± 12.97 457.3 ± 10.83 10.3 ± .26 

Nylon 2 
497.3 ± 11.36 316.2 ± 13.57 254.2 ± 14.75 313.1 ± 11.52 

Polyester 

2 347.9 ± 9.63 309.8 ± 15.02 374 ± 11.26 ↑  6.9 ± 1.04 

Nylon 1 
124.2 ± 6.02 115.8 ± 8.54 155.1 ± 7.05 ↑  119.7 ± 5.23 

Wool 1 
35.5 ± 7.24 8.7 ± 0.55 30.1 ± 1.83 2.5 ± 0.15 

Wool 2 
29.5 ± 6.2 13.9 ± 3.21 37.5 ± 5.38 ↑ 2.4 ± 0.32 

Wool 3 
18.7 ± 3.0 7.9 ± 1.65 15.8 ± 2.75 3.9 ± 1.55 

Cotton 3 
16.26 ± 2.97 6.3 ± 1.41 8.5 ± 2.90 2.6 ± 0.20 

Cotton 1 
13.73 ± 4.14 6.4 ± 0.75 107.5 ± 17.09 ↑ 9.2 ± .55 

Cotton 2 
8.6 ± 3.65 4.4 ± 0.47 6.4 ± 1.06 2.9 ± 1.15 
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AATCC Triboelectrical Charge Ranking  

 

In the AATCC triboelectric charge ranking table (Table 4.10) materials located 

near the top and bottom are expected to have a stronger charge resulting in a higher 

amount of static. As stated in Chapter 3 Methods, the AATCC115 (2005) test methods 

specified to use spun nylon and polyester fabrics for this test. At the time of the 

experiment the researcher was unable to obtain the specified rubbing fabrics and used 

filament fiber fabrics for the electrostatic cling test. Before the experiment was conducted 

the researcher performed three trial runs with filament fiber rubbing fabrics. The results 

from the trial runs showed that untreated fabric samples rubbed with the filament rubbing 

fabrics displayed similar cling time results as shown in the AATCC Triboelectric series 

(Table 4.10). Nylon and polyester fabrics had the highest cling times while cotton and 

wool fabric samples had lower cling times. Discrepancies within fiber fabric samples' 

electrostatic cling time results and relationships between electrostatic cling time and 

pollen count in the experiment may be explained by the use of the filament fiber rubbing 

fabrics.   

Other factors potentially causing discrepancies between the AATCC triboelectric 

charge ranking table and the fabric sample cling time results could be due to fabric 

structure, yarn weight, yarn size, the dyeing and finishing process, and the relative 

humidity and temperature of the test area. The assumption was made that there were no 

functional finishes present on the fabric since there were none specified on the merchants' 

label. If a finish such as durable press or water repellency was present on the fabric 
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surface both EC time and pollen attachment would be affected. In general, the dyed 

fabrics (P2 & W2) that were used in this study averaged similar pollen counts and EC 

times. However, the dye in the fabrics may have resulted in different cling times and 

pollen counts for the fabric samples. Fiber moisture regain may have affected the 

relationship of EC and pollen count as moisture regain directly affects a fibers’ static 

surface charge (Thiry, 2007). The relationship between fiber moisture regain and pollen 

count is discussed further in the next section.  

 

Table 4.10 AATCC Triboelectrical Charge Ranking Table 

Positive + 

 Leather 

 Rabbit fur 

 Glass 

 Human hair 

 Nylon 

 Wool 

 Cat fur 

 Silk 

 Paper 

 Cotton 

 Steel 

 Wood 

 Polystyrene 

 Polyethylene 

 Acrylic 

 Rubber 

 Nickel, Copper 

 Brass, Silver 

 Gold, Platinum 

 Acetate, Rayon 

 Polyester 

 Polyurethane 

 Polyethylene 

 Polypropylene 

 Vinyl 

 Silicon 

 Teflon 

Negative - 
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Relationship between Electrostatic Cling and Pollen Attraction Within Fiber 

  

  In this section, the relationship between fabric electrostatic cling time and the 

pollen counts within the three different fabrics for each fiber type were presented. 

Regression tests with a R2 higher than 60% suggest a relationship (positive or negative) 

between pollen count and fabric electrostatic cling time exists. Tables 4.11 and 4.14 show 

a summary of significant R2 values within fibers. 

 

Nylon rubbing cloth 

 

Table 4.11 Significant R2 values for the relationship between electrostatic cling time and pollen count within each fiber 

using nylon rubbing cloth for all trials 

Nylon Rubbing Cloth Within Fibers R2 above 60% 

  25mg 10mg 5mg 2mg 

Cotton Un (0.7472) ↓ A (0.8078) ↑   Un (0.903) ↓ 

   B (0.6796) ↑     A (0.9191) ↑ 

  

   

  

Nylon   Un (0.691) ↑ Un (0.9459) ↑ Un (0.9786) ↓ 

    B (0.8114) ↑ B (0.9533) ↓ Fs (0.9417) ↓ 

  

   

  

Polyester Un (0.9334) ↑   Un (0.6353) ↑ Un (0.6452) ↓ 

  B (0.7724) ↑   A (0.9248) ↓ B (0.8652) ↑ 

  

   

  

Wool Un (0.9908) ↓ Un (0.9855) ↓ Un (0.8738) ↓ Fs (0.6285) ↓ 

    B (0.9835) ↑  B (0.9999) ↑   

    Fs (0.6979) ↑     

Key: ↑=positive relationship, ↓=negative relationship 
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Cotton      For the 25mg trials the untreated fabric samples show a negative trend 

(R2=0.7472) with EC time and pollen count. Basic (ammonia) treated cotton fabric 

samples show a positive trend between EC time and pollen count (R2=0.6796). For the 

10mg trials, only acid (vinegar) treated cotton fabric samples show a positive trend with 

EC and pollen count  (R2=0.8078). The 2mg trial with nylon rubbing fabric and cotton 

fabric samples shows a negative trend with EC time and a lower pollen count in the 

untreated group (R2=0.903). In addition, the nylon rubbing fabric with acid (vinegar) 

treated cotton fabric samples shows a positive trend with EC and pollen count 

(R2=0.9191) (Table 4.11). 

 

Nylon     The 10mg trials shows that both the untreated (R2=0.691) and basic 

(ammonia) treated (R2=0.8114) nylon fabric samples exhibited a positive relationship 

between EC time and pollen count. For the 5mg trial a positive trend is shown between 

untreated fabric sample EC time and pollen count (R2=0.9459). However, the basic 

(ammonia) treated nylon fabric samples show a negative relationship between EC time 

and pollen count (R2=0.9533). In the 2mg trials a negative trend between both untreated 

(R2=0.9786) and fabric softener (R2=0.9417) treated fabric samples is shown between EC 

and pollen count (Table 4.11). 

 

Polyester     The 25mg trials show that untreated (R2=0.9334) and basic 

(ammonia) (R2=0.7724) treated have a positive relationship between EC time and pollen 

count. For the 5mg trials, the untreated samples show a positive trend between EC time 
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and pollen count (R2=0.6353) while the acid (vinegar) treated fabric samples (R2=0.9248) 

show a negative relationship between EC time and pollen count For the 2mg trial 

untreated fabric samples show a negative trend (R2=0.6452) between EC time and pollen 

count. In addition, the basic (ammonia) treated polyester fabrics show a positive trend 

between EC and pollen count (R2=0.8652) (Table 4.11). 

 

Wool      The 25mg trial shows that untreated wool fabric samples have a negative 

trend between EC time and pollen count (R2=0.9908). For the 10mg trials, untreated wool 

fabric samples show a negative trend between EC and pollen count (R2=0.9855) while 

both basic (ammonia) (R2=0.9835) and fabric softener (R2=0.6979) treated wool fabric 

samples show a positive trend between EC and pollen count.   The 5mg trials show that 

untreated fabric samples have a negative trend (R2=0.8738) while the basic (ammonia) 

treated wool fabric samples show a positive relationship between EC and pollen count 

(R2=0.9999). The 2mg trial shows a negative trend between EC and pollen count for the 

fabric softener treated wool fabric samples (R2=0.6285) (Table 4.11). 

 

Discussion 

In order to determine the appropriate amount of pollen used for the study, 25mg, 

10mg, 5mg and 2mg were used in each treatment. The results showed that the average 

pollen count on fabric samples in the 25mg trial were higher than the other trials. This 

higher average pollen count may indicate that the amount of pollen used in the exposure 

test was too high and the fabric samples became oversaturated with pollen particles. 
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Based on other studies and the trials from this experiment, the 5mg pollen amount was 

found as the best suited for ideal fabric sample saturation. Comparisons between the 

fabric samples’ 5mg trial pollen counts and electrostatic cling times were discussed in 

this section. 

 

 Cotton     Cotton fabric samples rubbed with nylon resulted in cling times from 

2.63 seconds to 1 minute 8 seconds. For cotton samples the untreated fabric samples on 

average, had the longest cling times (13.73, 8.60, 16.27) with the exception of basic 

(ammonia) treated C1 (107.57). The 25mg trial had two significant relationships between 

fabric samples’ EC and pollen count with a negative trend for the untreated group and a 

positive trend in the basic (ammonia) treated group. For the 10mg trial a positive 

relationship is shown between acidic acid (vinegar) treated fabric samples’ EC time and 

pollen count. The 2mg trial shows a negative relationship between untreated fabric 

samples’ EC time and pollen count but a positive relationship between acidic acid 

(vinegar) treated samples’ EC time and pollen count. Across all trials and treatments, five 

were significant with three positive and two negative (Table 4.11).  
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Table 4.12a Cotton fabric samples’ EC times with nylon rubbing cloth, ranked highest to lowest with 

average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric Warp EC ± SD Avg. PC ± SD Fabric Warp EC ± SD Avg. PC ± SD 

C3 16.26 ± 2.97 4.4 ± 1.8 C1 6.4 ± 0.75 2.2 ± 1.5 

C1 13.73 ± 4.14 5.2 ± 1.3 C3 6.3 ± 1.41 1.6 ± 1.5 

C2 8.6 ± 3.65 5 ± 3.2 C2 4.4 ± 0.47 1.2 ± 0.8 

Basic 5mg Fabric Softener 5mg 

Fabric Warp EC ± SD Avg. PC ± SD Fabric Warp EC ± SD Avg. PC ± SD 

C1 107.5 ± 17.09 1.4 ± 0.9 C1 9.2 ± 0.55 3.6 ± 1.5 

C3 8.5 ± 2.9 2 ± 1.2 C2 2.9 ±  1.15 4.0 ± 1.0 

C2 6.4 ± 1.06 1.4 ± 1.1 C3 2.6 ± 0.20 1.8 ± 0.8 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations  

 

 For the untreated cotton fabric samples in the 5mg trial, among the three fabrics, 

the one that was the heaviest, had the longest EC time of the group (C3 – see Fabric 

Parameters Table 4.1) had the least amount of pollen 4.4 particles per 3/4” diameter 

section across all trials across all trials. The second heaviest of the group (C2) had the 

second most attached pollen (5.0 particles per 3/4” diameter section across all trials 

across all trials) and the lowest EC time. Cotton 1 had the highest values for attached 

pollen (5.2 particles per 3/4” diameter section across all trials) and EC time. Refer to 

Table 4.12a. 

 Cotton fabric samples treated with acidic acid (vinegar) had lower EC times and 

pollen counts compared to the untreated group. The heaviest fabric (C3) had the second 

highest amount of attached pollen (1.6 particles per 3/4” diameter section across all trials) 
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and had the second highest EC time. The second heaviest fabric (C2) had the lowest 

amount of attached pollen (1.2 particles per 3/4” diameter section across all trials) and 

was the lowest EC time. The lightest fabric (C1) had the highest EC and the highest 

amount of attached pollen (2.2 particles per ¾” diameter section). Refer to Table 4.12a. 

 The basic (ammonia) treatment on cotton fabric samples resulted in shorter cling 

times than the untreated group with exception of Cotton 1 which had a longer cling time. 

Cotton 1 the lightest of the fabrics had the lowest EC time and the second highest pollen 

count (1.4 particles per 3/4” diameter section across all trials). The heaviest fabric (C3) 

had the second highest EC time and the highest pollen count (2.0 particles per 3/4” 

diameter section across all trials). Cotton 2 had the lowest EC time and the lowest pollen 

count (1.4 particles per ¾” diameter section). Refer to Table 4.12a.  

 For the final treatment on cotton fabric samples, fabric softener raised the amount 

of attached pollen compared to the acidic acid (vinegar) and basic treatments while 

overall fabric EC time decreased. The lightest fabric (C1) had the second highest amount 

of attached pollen (3.6 particles per 3/4” diameter section across all trials) with the 

highest EC time. Cotton 2 was the second highest EC and the highest pollen count (4.0 

particles per 3/4” diameter section across all trials) out of the fabric softener treated fabric 

samples. The heaviest of the cotton fabrics (C3) had the highest EC time and the lowest 

pollen count (1.8 particles per 3/4” diameter section across all trials). Refer to Table 

4.12a. 
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Nylon     Nylon fabric samples rubbed with nylon resulted in cling times from 1 

minute 15.8 seconds to greater than 10 minutes. The longest average cling times for 

nylon fabrics were in the untreated group and shortest in the fabric softener treatment.  

Each treatment type reduced the average cling time of the fabric samples’ compared to 

the untreated group except nylon 1 in the basic (ammonia) treatment which increased 

from 124.2 seconds to 155.1 seconds. For the 10mg trial, both the untreated and basic 

(ammonia) treated fabric samples’ EC and pollen count shows a positive relationship. 

The 5mg trial shows a positive relationship between untreated fabric samples’ EC and 

pollen count and a negative trend between ammonia (basic) treated samples’ EC and 

pollen count. For the 2mg trial, a negative relationship is shown for both untreated and 

fabric softener treated fabric samples’ EC and pollen count. Across all trials and 

treatments, six relationships between EC and pollen count were significant with three 

positive and three negative. Refer to Table 4.11.  
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Table 4.12b Nylon fabric samples’ EC times with nylon rubbing cloth, ranked highest to lowest with 

average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

N3 >600 ± 0 12.2 ± 2.6 N3 
485.7 ± 

13.75 
3.4 ± 1.1 

N2 
497.3 ± 
11.36 

11.6 ± 2.6 N2 
316.2 ± 
13.57 

2 ± 2.6 

N1 
124.2 ± 

6.02 
10.8 ± 3.7 N1 

115.8 ± 

115.8 
3.8 ± 1.9 

Basic 5mg Fabric Softener 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

N3 
476.5 ± 
14.88 

2.6 ± 1.14 N2 
313.1 ± 
11.52 

3 ± 2.0 

N2 
254.2 ± 

14.75 
2.8 ± 0.8 N3 

301.5 ± 

7.73 
6 ± 2.0 

N1 
155.1 ± 

7.05 
3 ± 1.0 N1 

119.7 ± 
5.23 

5 ± 1.6 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

 For the untreated nylon fabric samples in the 5mg trial, the heaviest sample (N1 – 

see Fabric Parameters Table 4.1) had the least amount of pollen (10.8 particles per 3/4” 

diameter section across all trials) and the lowest EC time of the group. The second 

heaviest out of the group (N3) had the highest rate of attached pollen (12.2 particles per 

3/4” diameter section across all trials) and the highest EC time. Nylon 2 is the lightest out 

of the fabric samples and had the second highest value for attached pollen (11.6 particles 

per 3/4” diameter section across all trials) and the second highest EC time. Refer to Table 

4.12b.  

 Nylon fabric samples treated with acidic acid (vinegar) had lower EC times and 

pollen counts compared to the untreated group. The heaviest fabric (N1) had the highest 
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amount of attached pollen (3.8 particles per 3/4” diameter section across all trials) and 

had the lowest EC time. The second heaviest fabric (N3) had the second highest amount 

of attached pollen (3.4 particles per 3/4” diameter section across all trials) and had the 

highest EC time. The lightest fabric (N2) had the second highest EC and the lowest 

amount of attached pollen (2.0 particles per 3/4” diameter section across all trials). Refer 

to Table 4.12b. 

 The basic (ammonia) treatment on nylon fabric samples resulted in similar pollen 

counts as shown in the acidic acid (vinegar) treatment. Nylon 2 the lightest of the fabrics, 

had the second highest EC time and the second highest pollen count (2.8 particles per 

3/4” diameter section across all trials). The heaviest fabric (N1) had the lowest EC time 

and the highest pollen count (3.0 particles per 3/4” diameter section across all trials). 

Nylon 3 had the highest EC and the lowest pollen count (2.6 particles per 3/4” diameter 

section across all trials) of the treatment group. Refer to Table 4.12b. 

Nylon fabric samples treated with fabric softener resulted in the second highest 

pollen count after the untreated group. The second heaviest fabric (N3) had the second 

highest amount of attached pollen (6.0 particles per 3/4” diameter section across all trials) 

with the second highest EC time. Nylon 2 the lightest of the fabrics, had the highest EC 

and lowest pollen count (3.0 particles per 3/4” diameter section across all trials). The 

heaviest of the nylon fabrics (N1) had the lowest EC time and the second highest pollen 

count (5.0 particles per 3/4” diameter section across all trials). Refer to Table 4.12b. 
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Polyester      Polyester fabric samples rubbed with nylon resulted in cling times 

from 6.96 seconds to greater than 10 minutes. The longest average cling times for the 

fabric samples were in the untreated, acidic acid (vinegar), and basic (ammonia) 

treatment groups. All treatments reduced the EC time for untreated fabric samples with 

the exception of polyester 2 which increased from 347.9 seconds to 374.0 seconds.  For 

the 25mg trial, a positive relationship is shown between both untreated and basic 

(ammonia) treated fabric samples’ EC time and pollen count. The 5mg trial shows a 

positive trend between untreated fabric samples’ EC and pollen count while basic 

(ammonia) treated fabric samples’ display a negative relationship.  The 2mg trial shows a 

positive relationship between EC and pollen count for both untreated and basic 

(ammonia) treated fabric samples’. Overall, there were six significant relationships across 

all trials and treatments for polyester fabric samples’ EC and pollen count, four were 

positive and two were negative. Refer to Table 4.11. 
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Table 4.12c Polyester fabric samples’ EC times with nylon rubbing cloth, ranked highest to lowest with 

average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

P1 >600 ± 0 5.6 ± 2.1 P3 
518.7 ± 

12.97 
0.8 ± 0.8 

P3 
594.6 
±5.07 

4.6 ± 2.5 P1 
459.7 ± 

13.3 
1.0 ± 0.7 

P2 
347.9 ± 

9.63 
4 ± 1.6 P2 

309.8 ± 

15.02 
1.4 ± 1.3 

Basic 5mg Fabric Softener 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

P1 
598.4 ± 

2.65 
8.8 ± 3.0 P1 

11.5 ± 
0.87 

6.8 ± 2.6 

P3 
457.3 ± 

10.83 
3.6 ± 1.1 P3 

10.3 ± 

0.26 
3.8 ± 1.3 

P2 
374 ± 
11.26 

5.2 ± 1.9 P2 6.9 ± 1.04 6.2 ± 2.9 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

For the untreated polyester fabric samples in the 5mg trial, the heaviest (P1 – see 

Fabric Parameters Table 4.1) had the highest amount of pollen (5.6 particles per 3/4” 

diameter section across all trials) and the highest EC time of the group. The second 

heaviest of the group (P2) had the lowest rate of attached pollen (4.0 particles per 3/4” 

diameter section across all trials) and the lowest EC time. Polyester 3 is the lightest of the 

polyester fabrics and had the second highest rate of attached pollen (4.6 particles per 3/4” 

diameter section across all trials) and the second highest EC time. Refer to Table 4.12c.  

 Polyester fabric samples treated with acidic acid (vinegar) had lower EC times 

than the untreated group and a lower pollen count. The heaviest fabric (P1) had the 

second highest amount of attached pollen (1.0 particles per 3/4” diameter section across 
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all trials) and was the second highest EC time. The second heaviest fabric (P2) had the 

second highest amount of attached pollen (1.4 particles per 3/4” diameter section across 

all trials) and was the lowest EC time. The lightest fabric (P3) had the highest EC and 

lowest amount of attached pollen (0.8 particles per 3/4” diameter section across all trials). 

Refer to Table 4.12c. 

The basic (ammonia) treatment on polyester fabric samples resulted in higher 

pollen counts than the untreated group and a decrease in EC time except polyester 2 

which increased in time. The lightest of the fabrics (P3) had the second highest EC time 

and the lowest pollen count (3.6 particles per 3/4” diameter section across all trials). The 

heaviest fabric (P1) had the highest EC time and the highest pollen count (8.8 particles 

per 3/4” diameter section across all trials). Polyester 2 had the lowest EC and second 

highest pollen count of the group (5.2 particles per 3/4” diameter section across all trials). 

Refer to Table 4.12c. 

Polyester fabric samples treated with fabric softener produced similar pollen 

count averages as the untreated group but EC times reduced. The second heaviest fabric 

(P2) had the second highest amount of attached pollen (6.2 particles per 3/4” diameter 

section across all trials) with the lowest EC time. Polyester 3 the lightest of the fabrics, 

had the second highest EC and the lowest pollen count (3.8 particles per 3/4” diameter 

section across all trials). The heaviest of the polyester fabrics (P1) had the highest EC 

time and pollen count (6.8 particles per 3/4” diameter section across all trials). Refer to 

Table 4.12c. 
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Wool     Wool fabric samples had the greatest amount of significant relationships 

(positive and negative) between EC and pollen count for fabrics rubbed with nylon. 

Electrostatic cling times ranged from 2.43 seconds to 37.53 seconds. Across all trials and 

treatments seven relationships were shown as significant with four negative and three 

positive. For the 25mg trial untreated fabric samples show a negative relationship 

between EC and pollen count. The 10mg trial shows a negative relationship between 

untreated fabric samples’ EC and pollen count. However, a positive relationship is shown 

between EC and pollen count for both the basic (ammonia) and fabric softener treated 

wool fabric samples. For the 5mg trial, untreated fabric samples’ EC and pollen count is 

shown to have a negative relationship while basic (ammonia) treated wool fabric samples 

show a significant positive relationship. A negative relationship is shown for the 2mg 

trial between EC and pollen count for fabric softener treated wool fabric samples. Refer 

to Table 4.11. 
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Table 4.12d Wool fabric samples’ EC times with nylon rubbing cloth, ranked highest to lowest with 

average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

W1 
35.5 

±7.24 
1.2 ± 0.8 W2 

13.9 ± 

3.21 
1.8 ± 1.8 

W2 29.5 ± 6.2 1.0 ± 1.0 W1 8.7 ± 0.55 2.4 ± 0.9 

W3 18.7 ± 3.0 1.6 ± 1.1 W3 7.9 ± 1.65 0.6 ± 0.9 

Basic 5mg Fabric Softener 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

W2 
37.5 ± 
5.38 

1.8 ± 1.3 W3 3.9 ± 1.55 1.2 ± 0.8 

W1 
30.1 ± 

1.83 
1.6 ± 1.1 W1 2.5 ± 0.15 1.6 ± 1.1 

W3 
15.8 ± 
2.75 

1.2 ± 0.8 W2 2.4 ± 0.32 0.8 ± 0.8 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

For the untreated wool fabric samples the heaviest (W3 – see Fabric Parameters 

Table 4.1) had the highest amount of pollen (1.6 particles per 3/4” diameter section 

across all trials) and the lowest EC time of the group. The second heaviest of the group 

(W2) had the lowest rate of attached pollen (1.0 particles per 3/4” diameter section across 

all trials) and the second highest EC time. Wool1 is the lightest of the wool fabrics and 

had the second highest values for attached pollen (1.2 particles per 3/4” diameter section 

across all trials) and the highest EC time. Refer to Table 4.12d.  

 Wool fabric samples treated with acidic acid (vinegar) had lower EC times than 

untreated group with similar pollen counts. The heaviest fabric (W3) had the lowest 

amount of attached pollen (0.6 particles per 3/4” diameter section across all trials) and the 
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lowest EC time. The second heaviest fabric (W2) had the second highest amount of 

attached pollen (1.8) and was the highest in EC time. The lightest fabric (W1) had the 

second highest EC and the highest amount of attached pollen (2.4 particles per 3/4” 

diameter section across all trials). Refer to Table 4.12d. 

The basic (ammonia) treatment on wool fabric samples resulted in similar pollen 

counts as shown in the acidic acid (vinegar) treatment and EC times similar to the 

untreated group. Wool 1 the lightest of the fabrics, had the second highest EC time and 

the second highest pollen count (1.6 particles per 3/4” diameter section across all trials). 

The heaviest fabric (W3) had the lowest EC time and the lowest pollen count (1.2 

particles per 3/4” diameter section across all trials). Wool 2 had the highest EC time and 

pollen count of the group (1.8 particles per 3/4” diameter section across all trials). Refer 

to Table 4.12d. 

Wool fabric samples treated with fabric softener produced similar pollen count 

averages as the untreated group. However, EC times for all fabric samples were reduced 

in comparison to the other treatments. The second heaviest fabric (W2) had the lowest 

amount of attached pollen (0.8 particles per 3/4” diameter section across all trials) with 

the lowest EC time. Wool 1 the lightest of the fabrics, had the second highest EC and the 

highest pollen count (1.6 particles per 3/4” diameter section across all trials). The 

heaviest of the wool fabrics (W3) had the highest EC time and the second highest pollen 

count (1.2 particles per 3/4” diameter section across all trials). Refer to Table 4.12d. 
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In summary, there is no consistency in EC times collected for all fiber fabrics 

samples rubbed with nylon cloth with or without treatments. Results from the pollen 

exposure experiments show that each fabric group (i.e. cotton, wool, nylon and polyester) 

has both positive and negative relationships between EC times and pollen counts in each 

trial (i.e. 25mg, 10mg, 5mg, and 2mg) and some of the fabrics show both a positive and 

negative trend for the same treatment among different trials. Fabrics rubbed with nylon 

had 24 significant relationships between fabric samples’ EC and pollen count (positive 

and negative). Overall, there were 11 significant relationships between untreated fabrics’ 

EC and pollen count, 3 acidic acid (vinegar) treated fabrics’ EC and pollen count, 7 basic 

(ammonia) treated fabrics’ EC and pollen count, and 3 fabric softener treated fabrics’ EC 

and pollen count. There were a total of 13 positive relationships and 11 negative.  
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Polyester Rubbing Cloth 
 

 

 

Table 4.13 Significant R2 values for the relationship between electrostatic cling time and pollen count within each fiber 

using polyester rubbing cloth for all trials 

Polyester Rubbing Cloth Within Fibers R2 above 60% 

  25mg 10mg 5mg 2mg 

Cotton A (0.8896)  ↑   A (0.841) ↓ A (0.9963)  ↑ 

  B (0.7089)  ↑     Fs (0.9973)  ↓ 

 

Fs (0.7812) ↑ 

   
  

   

  

Nylon B (0.9807)  ↓   Un (0.9907) ↑ Un (0.9802) ↑ 

  Fs (0.8759) ↓   Fs (0.844)    ↑   

  

   

  

Polyester Fs (0.9803) ↑ Un (0.9599) ↓ A (0.6982) ↓   

          

  

   

  

Wool Fs (0.8851) ↓ A (0.6279)  ↓ A (0.7054)   ↓ Un (0.9048) ↑ 

    Fs (0.9998) ↑ 

 

A (0.6279)   ↑ 

        B (0.8622)   ↑ 

Key: ↑=positive relationship, ↓=negative relationship 

 

Cotton     For the 25mg trials, the three treatments show a positive relationship 

between EC and pollen count: acid (vinegar) (R2=0.8896), basic (ammonia) (R2=0.7089), 

and fabric softener (R2=0.7812). Acidic acid (vinegar) treated cotton fabric samples in the 

5mg trial show a negative trend between EC cling time and pollen count (R2=0.841). In 

addition, for the 2mg trials, acidic acid (vinegar) treated fabric samples show a positive 

relationship (R2=0.9963) while fabric softener treated cotton fabric samples show a 

negative relationship between EC and pollen count (R2=0.9973) (Table 4.13).   

 

Nylon     The 25mg trials using polyester rubbing fabric with basic (ammonia) 

(R2=0.9807) and fabric softener (R2=0.8759) treated nylon fabric samples show a 
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negative relationship between EC time and pollen count. For the 5mg trials, using 

polyester rubbing fabric with untreated (R2=0.9907) and fabric softener (R2=0.844) 

treated nylon fabrics show a positive trend between EC time and pollen count. The 2mg 

trials using polyester rubbing fabric with untreated nylon fabric samples show a positive 

trend between EC time and pollen count (R2=0.9802) (Table 4.13). 

 

Polyester      For the 25mg trial, fabric softener treated polyester fabric samples 

show a positive trend between EC and pollen count (R2=0.9803). For the 10mg trial,  

untreated polyester fabric samples show a negative relationship between EC time and 

pollen count (R2=0.9599). In addition, acid (vinegar) treated polyester fabric samples in 

the 5mg trial, shows a negative relationship between EC time and pollen count 

(R2=0.6982) (Table 4.13).   

 

Wool     The 25mg trial using polyester rubbing fabric with fabric softener treated 

wool fabric samples shows a negative relationship between EC and pollen count 

(R2=0.8851).  For the 10 mg trials, fabric softener (R2=0.9998) treated wool samples 

show a positive trend while the acidic acid (vinegar) (R2=0.6279) treated wool samples 

show a negative trend between EC and pollen count. Acid (vinegar) treated wool fabric 

samples in the 5mg trials show a negative relationship between EC and pollen count 

(R2=0.7054). For the 2mg trials, untreated wool fabric samples show a positive 

relationship between EC and pollen count (R2=0.9048). In addition, acidic acid (vinegar) 
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(R2=0.6279) and basic (ammonia) (R2=0.8622) treated wool fabric samples show a 

positive relationship between EC and pollen count (Table 4.13). 

 

Discussion 

 

Polyester rubbing fabric 

 

Cotton     Cotton fabric samples rubbed with polyester resulted in cling times 

from 3.0 seconds to 1 minute 8.1 seconds. Untreated fabric samples on average, had the 

highest cling times (68.13, 9.13, 41.10). All treatments reduced the electrostatic cling 

time from the untreated averages with the exception of the basic (ammonia) treatment 

which increased the fabric samples' EC times. There were no significant R2 values for the 

untreated fabric samples’ EC and pollen count. For the 25mg trial, acidic acid (vinegar), 

basic (ammonia), and fabric softener treated fabric samples' EC times show a positive 

relationship with pollen count. In the 5mg trial, acidic acid (vinegar) treated fabric 

samples’ EC and pollen count has a negative relationship. For the 2mg trial, acidic acid 

(vinegar) treated fabric samples' EC had a positive relationship with pollen count. 

However, fabric softener treated fabric samples show a negative relationship between EC 

and pollen count. Across all trials and treatments, six were significant with four positive 

and two negative. Refer to Table 4.13. 
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Table 4.14a Cotton fabric samples’ EC times with polyester rubbing cloth, ranked highest to lowest with 

average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

C1 68.1 ± 6.8 5.2 ± 1.6 C2 7 ± 0.9 1.4 ± 0.9 

C3 
41.1 ± 
4.87 

4.4 ± 1.8 C3 5.4 ± 1.82 1.6 ± 1.5 

C2 9.1 ± 3.13 5 ± 3.2 C1 4.3 ± 1.0 2.4 ± 1.1 

Basic 5mg Fabric Softener 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

C1 
19.2 ± 
4.03 

1.4 ± 0.9 C1 3.7 ± 0.55 3.6 ± 1.5 

C3 
10.7 ± 

2.46 
2 ± 1.2 C3 3.2 ± 0.37 1.8 ± 0.8 

C2 
10.2 ± 
1.85 

1.4 ± 1.1 C2 3 ± 0.79 3.8 ± 1.3 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

For the untreated cotton fabric samples in the 5mg trial, rubbed with polyester the 

heaviest (C3 – see Fabric Parameters Table 4.1) had the least amount of pollen (4.4 

particles per 3/4” diameter section across all trials) and the second highest EC time of the 

group. The second heaviest of the group (C2) had the second highest attached pollen (5.0 

particles per 3/4” diameter section across all trials) and the lowest EC time. Cotton 1 has 

the highest value for attached pollen (5.2 particles per 3/4” diameter section across all 

trials) and highest EC. Refer to Table 4.14a. 

 Cotton fabric samples treated with acidic acid (vinegar) had lower EC times and 

pollen counts compared to the untreated group. The heaviest fabric (C3) had the second 

highest amount of attached pollen (1.6 particles per 3/4” diameter section across all trials) 
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and was the second highest EC time. The second heaviest fabric (C2) had the lowest 

amount of attached pollen (1.4 particles per 3/4” diameter section across all trials) and 

was the highest EC time. The lightest fabric (C1) had the lowest EC and the highest 

amount of attached pollen (2.4 particles per 3/4” diameter section across all trials). Refer 

to Table 4.14a. 

 The basic (ammonia) treatment on cotton fabric samples resulted in similar pollen 

counts as the acidic acid (vinegar) group but EC was second highest after the untreated 

group. Cotton 1 the lightest of the fabrics, had the highest EC time and the second highest 

pollen count (1.4 particles per 3/4” diameter section across all trials). The heaviest fabric 

(C3) had the lowest EC time and the highest pollen count (2.0 particles per 3/4” diameter 

section across all trials). Cotton 2 had the lowest pollen count and EC (1.4 particles per 

3/4” diameter section across all trials) times out of the fabric samples in the group. Refer 

to Table 4.14a. 

 For the final treatment on cotton fabric samples, fabric softener raised the amount 

of attached pollen and decreased the fabric samples’ EC time. The lightest fabric (C1) 

had the second highest amount of attached pollen (3.6 particles per 3/4” diameter section 

across all trials) with the highest EC time. Cotton 2 was the lowest EC and highest pollen 

count (3.8 particles per 3/4” diameter section across all trials) out of the fabric softener 

treated fabric samples. The heaviest of the cotton fabrics (C3) has the second highest EC 

time and the lowest pollen count (1.8). Refer to Table 4.14a. 
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Nylon     Nylon fabric samples rubbed with polyester resulted in cling times from 

8.76 seconds to greater than 10 minutes. Fabric samples treated with basic (ammonia) 

resulted in the highest average cling times with the exception of all the cotton fabric 

samples and wool 2. The lowest cling times on average, were those treated with fabric 

softener.  For the 25mg trial, both the basic (ammonia) and fabric softener treated fabric 

samples’ EC and pollen count show a negative relationship. In the 5mg trial, both the 

untreated and fabric softener treated fabric samples' EC time had a positive relationship 

with pollen count. The 2mg trial shows a positive relationship for untreated fabric 

samples’ EC and pollen count. Across all trials and treatments, five relationships between 

EC and pollen count were significant with three positive and two negative. Refer to Table 

4.13. 

 
Table 4.14b Nylon fabric samples’ EC times with polyester rubbing cloth, ranked highest to lowest with 

average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 
Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

N1 >600 ± 0 10.8 ± 3.7 N1 
473.7 ± 

6.88 
3.8 ± 1.9 

N3 
480.2 ± 

11.13 
12.2 ± 2.6 N2 

355.9 ± 

13.75 
2 ± 2.6 

N2 
468.4 ± 
13.69 

11.6 ± 2.6 N3 

329.3 ± 

10.63 

 

3.4 ± 1.1 

Basic 5mg Fabric Softener 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

N1 >600 ± 0 3 ± 1.0 N1 
21.6 ± 
1.25 

 

5 ± 1.6 

N3 >600 ± 0 2.6 ± 1.14 N3 
20.5 ± 

1.25 
6 ± 2.0 

N2 
590.6 ± 

8.15 
2.8 ± 0.8 N2 8.7 ± 1.30 3 ± 2.0 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 
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For untreated nylon fabric samples rubbed with polyester in the 5mg trial, the 

heaviest (N1 – see Fabric Parameters Table 4.1) had the least amount of pollen 

(10.8particles per 3/4” diameter section across all trials) and the highest EC time of the 

group. The second heaviest out of the group (N3) had the highest rate of attached pollen 

(12.2 particles per 3/4” diameter section across all trials) and the second highest EC time. 

Nylon 2 is the lightest of the nylon fabrics and has the second highest value for attached 

pollen (11.6 particles per 3/4” diameter section across all trials) and the lowest EC time. 

Refer to Table 4.14b. 

 In the acidic acid (vinegar) treatment, the heaviest fabric (N1) had the highest 

amount of attached pollen (3.8 particles per 3/4” diameter section across all trials) and 

was the highest EC time. The second heaviest fabric (N3) had the second highest amount 

of attached pollen (3.4 particles per 3/4” diameter section across all trials) and was the 

lowest EC time. The lightest fabric (N2) had the second highest EC and the lowest 

amount of attached pollen (2.0 particles per 3/4” diameter section across all trials). Refer 

to Table 4.14b. 

 For the basic (ammonia) treatment, nylon 2 the lightest of the fabrics, had the 

lowest EC time and the second highest pollen count (2.8 particles per 3/4” diameter 

section across all trials). The heaviest fabric (N1) had the highest EC time and the highest 

pollen count (3.0 particles per 3/4” diameter section across all trials). Nylon 3 had the 

lowest EC and highest pollen count (2.6 particles per 3/4” diameter section across all 

trials) of the group. Refer to Table 4.14b. 
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Nylon fabric samples treated with fabric softener resulted in the third highest 

pollen count after the untreated group and acidic acid (vinegar) groups. The second 

heaviest fabric (N3) had the highest amount of attached pollen (6.0 particles per 3/4” 

diameter section across all trials) with the second highest EC time. Nylon 2 the lightest of 

the fabrics, had the lowest EC and pollen count (3 particles per 3/4” diameter section 

across all trials). The heaviest of the nylon fabrics (N1) had the highest EC time and the 

second highest pollen count (5.0 particles per 3/4” diameter section across all trials). 

Refer to Table 4.14b. 

 

Polyester     Polyester fabric samples rubbed with polyester resulted in cling times 

from 5.9 seconds to 7 minutes 46.7 seconds. Fabric samples treated with basic (ammonia) 

resulted in the highest cling times followed by untreated, acidic acid (vinegar), and fabric 

softener. The 25mg trial shows a positive relationship between fabric softener treated 

fabric samples’ EC and pollen count. For the 10mg trial, a negative relationship is shown 

between EC time and pollen count for untreated samples. In addition, the 5mg trial shows 

a negative relationship between acidic acid (vinegar) treated fabric samples’ EC and 

pollen count. Across all trials and treatments, three relationships between EC and pollen 

count were significant with one positive and two negative. Refer to Table 4.13. 
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Table 4.14c Polyester fabric samples’ EC times with polyester rubbing cloth, ranked highest to lowest with 

average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

P3 
101.3 ± 

6.39 
4.6 ± 2.5 P3 

21.8 ± 

1.72 
0.8 ± 0.8 

P2 
87 ± 
14.34 

4 ± 1.6 P1 
16.4 ± 
2.61 

1.0 ± 0.8 

P1 
48.9 ± 

3.11 
5.6 ± 2.1 P2 

11.9 ± 

1.65 
1.4 ± 1.3 

Basic 5mg Fabric Softener 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

P1 
466.7 ± 
11.33 

8.8 ± 3.0 P1 6.9 ± 0.7 6.8 ± 2.6 

P3 
365.2 ± 

13.88 
3 ± 1.0 P3 6.8 ± 0.35 3.8 ± 1.3 

P2 
173.3 ± 

11.5 
5.2 ± 1.9 P2 5.9 ± 1.12 6.2 ± 2.9 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

 

 The untreated polyester fabric samples rubbed with polyester resulted in the 

heaviest (P1-see Fabric Parameters Table 4.1) fabric sample having the second highest 

amount of attached pollen (5.6 particles per 3/4” diameter section across all trials) and the 

lowest EC time of the group. The second heaviest of the group (P2) had the lowest rate of 

attached pollen (4.0 particles per 3/4” diameter section across all trials) and the second 

highest EC time. Polyester 3 had the highest rate of attached pollen (4.6 particles per 3/4” 

diameter section across all trials) and the highest EC time. Refer to Table 4.14c. 

 Polyester fabric samples treated with acidic acid (vinegar) resulted in a decreased 

EC and pollen count compared to the untreated group. The heaviest fabric (P1) had the 
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second highest amount of attached pollen (1.0 particles per 3/4” diameter section across 

all trials) and was the second highest EC time. The second heaviest fabric (P2) had the 

highest amount of attached pollen (1.4 particles per 3/4” diameter section across all trials) 

and was the lowest EC time. The lightest fabric (P3) had the highest EC and the lowest 

amount of attached pollen (0.8 particles per 3/4” diameter section across all trials). Refer 

to Table 4.14c. 

The basic (ammonia) treatment on polyester fabric samples resulted in higher EC 

times and pollen counts than the untreated group. Polyester 3 the lightest of the fabrics, 

had the second highest EC time and the lowest pollen count (3.0 particles per 3/4” 

diameter section across all trials). The heaviest fabric (P1) had the highest EC time and 

the highest pollen count (8.8 particles per 3/4” diameter section across all trials). 

Polyester 2 had the lowest EC and the second highest pollen count (5.2 particles per 3/4” 

diameter section across all trials) of the group. Refer to Table 4.14c. 

Polyester fabric samples treated with fabric softener produced similar pollen 

count averages as shown in the untreated group but had lower EC times. The second 

heaviest fabric (P2) had the second highest amount of attached pollen (6.2 particles per 

3/4” diameter section across all trials) with the lowest EC time. Polyester 3 the lightest of 

the fabrics, had the second highest EC and the lowest pollen count (3.8 particles per 3/4” 

diameter section across all trials). The heaviest of the polyester fabrics (P1) had the 

highest EC time and the highest pollen count (6.8 particles per 3/4” diameter section 

across all trials).  Refer to Table 4.14c. 
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Wool     Wool fabric samples had the greatest amount of significant relationships 

(positive and negative) between EC and pollen count for fabrics rubbed with polyester. 

Electrostatic cling times ranged from 5.2 seconds to 1 minute 9.6 seconds. Wool fabric 

samples treated with basic (ammonia) had the longest cling times followed by untreated, 

acidic acid (vinegar), and fabric softener. Across all trials and treatments seven 

relationships were shown as significant with three negative and four positive. The 25mg 

trial shows a negative relationship between fabric softener treated fabric samples’ EC and 

pollen count. In the 10mg trial acidic acid (vinegar) treated fabric samples’ EC and pollen 

count shows a negative relationship while samples treated with fabric softener indicate a 

positive relationship between EC and pollen count. For the 5mg trial, a negative 

relationship is shown between acidic acid (vinegar) fabric samples’ EC and pollen count. 

Three positive relationships are shown in the 2mg trial between EC and pollen count for 

the untreated, acidic acid (vinegar), and basic (ammonia) treated wool fabric samples. 

Refer to Table 4.13. 
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Table 4.14d Wool fabric samples’ EC times with polyester rubbing cloth, ranked highest to lowest with 

average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

W2 
67.8 ± 

13.71 
1.2 ± 1.3 W3 7 ± 1.43 1 ± 0.7 

W3 
59.9 ± 

2.32 
1.6 ± 1.1 W1 

6.6 ± 

0.83 
2.4 ± 0.9 

W1 
55.2 ± 

1.9 
1.2 ± 0.8 W2 

6.5 ± 

0.87 
1.8 ± 1.8 

Basic 5mg Fabric Softener 5mg 

Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD Fabric 

Warp EC 

± SD 

 
Avg. PC ± SD 

W3 
69.6 ± 

11.04 
1.2 ± 0.8 W3 

6.8 ± 

0.43 
1.2 ± 0.8 

W2 
67.2 ± 

12.77 
1.8 ± 1.3 W2 

5.2 ± 

0.43 
0.8 ± 0.8 

W1 
57.8 ± 

0.62 
1.6 ± 1.1 W1 

3.6 ± 

0.85 
1.6 ± 1.1 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 

 

 

For the untreated wool fabric samples rubbed with polyester in the 5mg trial, the 

heaviest (W3-see Fabric Parameters Table 4.1) had the highest amount of pollen (1.6 

particles per 3/4” diameter section across all trials) and the second highest EC of the 

group. The second heaviest of the group (W2) had the second highest rate of attached 

pollen (1.2 particles per 3/4” diameter section across all trials) and the highest EC time. 

Wool1 had the lowest values for both attached pollen (1.2 particles per 3/4” diameter 

section across all trials) and EC time. Refer to Table 4.14d.  

 Wool fabric samples treated with acidic acid (vinegar) had lower EC times than 

the untreated group but higher average pollen counts. The heaviest fabric (W3) had the 
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lowest amount of attached pollen (1.0 particles per 3/4” diameter section across all trials) 

and the second highest EC time. The second heaviest fabric (W2) had the highest amount 

of attached pollen (1.8 particles per 3/4” diameter section across all trials) and was the 

lowest EC time. The lightest fabric (W1) had the second highest EC and the highest 

amount of attached pollen (2.4 particles per 3/4” diameter section across all trials). Refer 

to Table 4.14d. 

The basic (ammonia) treatment on wool fabric samples resulted in similar pollen 

counts as shown in the acidic acid (vinegar) treatment and EC times similar to the 

untreated group. Wool 1 the lightest of the fabrics, had the lowest EC time and the second 

highest pollen count (1.6 particles per 3/4” diameter section across all trials). The 

heaviest fabric (W3) had the highest EC time and the lowest pollen count (1.2 particles 

per 3/4” diameter section across all trials). Wool 2 had the second highest EC time and 

the highest pollen count (1.8particles per 3/4” diameter section across all trials) of the 

group. Refer to Table 4.14d. 

Wool fabric samples treated with fabric softener produced similar pollen count 

averages as shown in the untreated group. Electrostatic cling times for the fabric softener 

treatment were similar to the acidic acid (vinegar) treatment. The second heaviest fabric 

(W2) had the lowest amount of attached pollen (0.8 particles per 3/4” diameter section 

across all trials) with the second highest EC time. Wool 1 the lightest of the fabrics, had 

the lowest EC and the highest pollen count (1.6 particles per 3/4” diameter section across 

all trials). The heaviest of the wool fabrics (W3) had the highest EC time and the second 
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highest pollen count (1.2 particles per 3/4” diameter section across all trials). Refer to 

Table 4.14d 

 

 

In summary, there is no consistency in EC times collected for all fiber fabric 

samples rubbed with polyester with or without treatments. In comparison to the 

electrostatic cling times of fabric samples rubbed with nylon, six fabrics (nylon 1, cotton 

1-3, and Wool 1-2) had higher EC times, four fabrics had lower EC times (nylon 3, and 

polyester 1-3), and two fabrics (n2 and w3) had two higher and two lower times when 

rubbed with polyester. Nylon 2, had higher times in both the acidic acid (vinegar) and 

basic (ammonia) treatment with lower EC times in the untreated and fabric softener 

groups. Wool 3, had higher EC times in the untreated group and the basic (ammonia) 

treatment with lower times in the acidic acid (vinegar) and fabric softener treatments.  

A potential explanation for the nylon, cotton, and wool fabric samples having 

increased EC times with the polyester rubbing fabric test is that the positively charged 

fabrics (nylon, cotton, wool) rubbed with the negatively charged polyester fabric may 

have resulted in longer electrostatic cling times. This same phenomena potentially 

explains why a negative polyester fabric sample rubbed with a negative polyester rubbing 

cloth resulted in decreased electrostatic cling times.  

Results from the pollen exposure experiments showed that each fabric group had 

both positive and negative relationships between EC times and pollen counts in each trial 

and some of the fabrics showed both a positive and negative trend for the same treatment. 
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Fabrics rubbed with polyester had 21 significant relationships between fabric samples’ 

EC and pollen count (positive and negative). Overall, there were 4 significant 

relationships between untreated fabrics’ EC and pollen count, 7 acidic acid (vinegar) 

treated fabrics’ EC and pollen count, 3 basic (ammonia) treated fabrics’ EC and pollen 

count, and 7 fabric softener treated fabrics’ EC and pollen count. There were a total of 12 

positive relationships and 9 negative relationships.   
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Figure 4.10a Regression on Electrostatic cling with nylon rubbing fabric and Pollen Count on Cotton Fabric Samples 
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Figure 4.10b Regression on Electrostatic cling with polyester rubbing fabric and Pollen Count on Cotton Fabric Samples 
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Figure 4.11a Regression on Electrostatic cling with nylon rubbing fabric and Pollen Count on Nylon Fabric Samples 
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Figure 4.11b Regression on Electrostatic cling with polyester rubbing fabric and Pollen Count on Nylon Fabric Samples 
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Figure 4.12a Regression on Electrostatic cling with nylon rubbing fabric and Pollen Count on Polyester Fabric Samples 
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Figure 4.12b Regression on Electrostatic cling with polyester rubbing fabric and Pollen Count on Polyester Fabric Samples 
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Figure 4.13a Regression on Electrostatic cling with nylon rubbing fabric and Pollen Count on Wool Fabric Samples 
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Figure 4.13b Regression on Electrostatic cling with polyester rubbing fabric and Pollen Count on Wool Fabric Samples 
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Relationship between Electrostatic Cling and Pollen Attraction Across Fiber 

 

In this section, the relationship between fabric electrostatic cling time and pollen 

counts in the 5mg trials across each fiber type were presented. Tables 4.15 and 4.16 show 

the results of the fiber groups average pollen count across the fabric samples and the 

fabric sample warp electrostatic cling time averaged across the fabric samples. 

Electrostatic cling time ranking was established by averaging over the 9 values for each 

fiber fabric group (3 fabrics x 3 EC times) creating a single number for that fiber group. 

Pollen count ranking was established by averaging over the 15 values for each fiber 

fabric group (3 fabrics x 5 pollen count locations) creating a single number for the fiber 

group.  

 

 

Nylon rubbing cloth 

 

Untreated     For the untreated group the fiber type average for Electrostatic cling 

time resulted in polyester fabric swatches being the highest followed by nylon, wool, and 

cotton. In comparison, the fiber group average for pollen count in 5mg trial resulted in 

nylon fabric samples having the highest overall pollen count followed by cotton, 

polyester, and wool. Refer to Table 4.15. 
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Acid     For the acidic acid (vinegar) treated fiber groups polyester had the highest 

average electrostatic cling time followed by nylon, wool, and cotton fabric samples. In 

comparison, the average pollen count across the fiber groups resulted in nylon having the  

highest pollen count followed by cotton, wool, and polyester for the 5mg trial. Refer to 

Table 4.15. 

Basic     Across fabric samples treated with basic (ammonia) resulted in polyester 

samples having the highest electrostatic cling time followed by nylon, cotton, and wool. 

For the 5mg trial, the same order was observed for highest to lowest pollen count with 

polyester, nylon, cotton, and wool. This is the first of the trials and treatments where the 

ranking of electrostatic cling time and pollen count was the same across the fiber types. 

Refer to Table 4.15. 

Fabric Softener     Fabric samples treated with fabric softener resulted in nylon 

having the highest average electrostatic cling time followed by polyester, cotton, and 

wool. For the 5mg trial, the ranking order changed to polyester, nylon, cotton, and wool 

for average pollen count across fibers.  Refer to Table 4.15. 
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Table 4.15 Comparison across fiber electrostatic cling and 5mg pollen count ranking with nylon rubbing cloth 

Treatment 
Order  

(Highest to Lowest) 

Avg. EC  

Ranking 

(seconds) 

5mg Avg.  

PC Ranking 

Untreated 

1 Polyester (514.19) Nylon (11.53) 

2 Nylon (407.17) Cotton (4.80) 

3 Wool (27.93) Polyester (4.73) 

4 Cotton (12.86) Wool (1.33) 

Acid 

1 Polyester (429.44) Nylon (3.07) 

2 Nylon (305.94) Cotton (1.80) 

3 Wool (10.17) Wool (1.73) 

4 Cotton (5.71) Polyester (1.00) 

Basic 

1 Polyester (476.63) Polyester (5.67) 

2 Nylon (295.32) Nylon (2.80) 

3 Cotton (40.83) Cotton (1.60) 

4 Wool (27.83) Wool (1.53) 

Fabric Softener 

1 Nylon (244.8) Polyester (5.60) 

2 Polyester (9.61) Nylon (4.67) 

3 Cotton (4.92) Cotton (3.07) 

4 Wool (2.97) Wool (1.20) 
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Table 4.16 Comparison across fiber electrostatic cling and 5mg pollen count ranking with polyester rubbing cloth 

Treatment 
Order 

 (Highest to Lowest) 
Avg. EC Ranking 

5mg Avg.  

PC Ranking 

Untreated 

1 Nylon (516.22) Nylon (11.53) 

2 Polyester (79.08) Cotton (4.80) 

3 Wool (60.98) Polyester (4.73) 

4 Cotton (39.45) Wool (1.33) 

Acid 

1 Nylon (386.35) Nylon (3.07) 

2 Polyester (16.73) Cotton (1.80) 

3 Wool (6.74) Wool (1.73) 

4 Cotton (5.6) Polyester (1.00) 

Basic 

1 Nylon (596.86) Polyester (5.67) 

2 Polyester (335.08) Nylon (2.80) 

3 Wool (64.9) Cotton (1.60) 

4 Cotton (13.42) Wool (1.53) 

Fabric Softener 

1 Nylon (16.97) Polyester (5.60) 

2 Polyester (6.56) Nylon (4.67) 

3 Wool (5.22) Cotton (3.07) 

4 Cotton (3.31) Wool (1.20) 
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Polyester rubbing cloth 

 

Untreated     For the untreated group the fiber type average for Electrostatic cling 

time resulted in nylon fabric swatches being the highest followed by polyester, wool, and 

cotton. In comparison, the 5mg trial resulted in nylon fabric samples having the highest 

overall pollen count followed by cotton, polyester, and wool. Refer to Table 4.16. 

Acid     For the acidic acid (vinegar) treated fiber groups nylon had the highest 

average electrostatic cling time followed by polyester, wool, and cotton fabric samples. 

In comparison, the average pollen count across fiber types resulted in nylon having the 

highest pollen count followed by cotton, wool, and polyester for the 5mg trial. Refer to 

Table 4.16. 

Basic     Across fabric samples treated with basic (ammonia) resulted in nylon 

samples having the highest electrostatic cling time followed by polyester, wool, and 

cotton. For the 5mg trial, the observed results show the same order for highest to lowest 

pollen count with polyester, nylon, cotton, and wool. Refer to Table 4.16. 

Fabric Softener     Fabric samples treated with fabric softener resulted in nylon 

having the highest average electrostatic cling time followed by polyester, wool, and 

cotton. In comparison, the 5mg trial ranking order changed to polyester, nylon, cotton, 

and wool for average pollen count across fibers.  Refer to Table 4.16. 
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Discussion 

 

 In summary, there is no consistent relationship between fabric samples’ 

electrostatic cling time and 5mg trial pollen counts across fibers rubbed with nylon or 

polyester. Fabric samples rubbed with nylon cloth resulted in the basic (ammonia) and 

fabric softener treatments electrostatic cling time ranking order matching pollen count 

ranking orders. In the basic (ammonia) treatment EC ranking order matched the pollen 

count ranking in the 5mg trial. Electrostatic cling time rankings for nylon rubbed fabric 

samples in the untreated and acidic acid (vinegar) treatment had polyester with the 

highest time followed by nylon, wool, and cotton. Fabric samples that were treated with 

basic (ammonia) resulted in an EC ranking of polyester, nylon, cotton, and wool. Fabric 

softener treated fabric samples resulted in the only group with nylon as the highest EC 

ranking followed by polyester, cotton, and wool.  

For the fabric swatches rubbed with the polyester cloth there were no matching 

electrostatic cling times to pollen count rankings. The electrostatic cling time across 

fibers ranking order was the same for all treatments with nylon having the highest EC 

followed by polyester, wool, and cotton.  
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Relationship between Electrostatic Cling and Pollen Attraction Across Fabric 

 

In this section, the relationship between fabric electrostatic cling time and the 

5mg trial pollen counts across fabrics were presented. Tables 4.17a and 4.17b show the 

results of each individual fabric sample’s average warp electrostatic cling (EC) time in 

comparison to the fabric sample’s average pollen count ranking from highest to lowest in 

the 5mg trials.  

 

 

Nylon rubbing cloth 

 

 
Table 4.17a Electrostatic cling time and 5mg pollen count trial rankings across fabrics with nylon rubbing cloth  

Rank 
Untreated 

EC 

Untreated 

PC 5mg 

Acid 

EC 

Acid 

PC 5mg 

Basic 

EC 

Basic 

PC 5mg 

Fab. Soft. 

EC 

Fab. Soft. 

PC 5mg 

1 N3 (>600) N3 (12.2) P3 (518.7) N1 (3.8) P1 (598.4) P1 (8.8) N2 (313.1) P1 (6.8) 

2 P1 (>600) N2 (11.6) N3 (485.7) N3 (3.4) N3 (476.5) P2 (5.2) N3 (301.5) P2 (6.2) 

3 P3 (594.6) N1 (10.8) P1 (459.7) W1 (2.4) P3 (457.3) P3 (3.6) N1 (119.7) N3 (6.0) 

4 N2 (497.3) P1 (5.6) N2 (316.2) C1 (2.2) P2 (374.0) N1 (3.0) P1 (11.5) N1 (5.0) 

5 P2 (347.9) C1 (5.2) P2 (309.8) N2 (2.0) N2 (254.2) N2 (2.8) P3 (10.3) C2 (4.0) 
6 N1 (124.2) C2 (5.0) N1 (115.8) W2 (1.8) N1 (155.1) N3 (2.6) C1 (9.2) P3 (3.8) 

7 W1 (35.5) P3 (4.6) W2 (13.9) C3 (1.6) C1 (107.5) C3 (2.0) P2 (6.9) C1 (3.6) 

8 W2 (29.5) C3 (2.0) W1 (8.7) P2 (1.4) W2 (37.5) W2 (1.8) W3 (3.9) N2 (3.0) 

9 W3 (18.7) P2 (4.0) W3 (7.9) C2 (1.2) W1 (30.1) W1 (1.6) C2 (2.9) C3 (1.8) 

10 
C3 (16.2) W3 (1.6) C1 (6.4) P1 (1.0) W3 (15.8) 

C1 (1.4) 

 ± 0.9 C3 (2.6) W1 (1.6) 

11 
C1 (13.73) W1 (1.2) C3 (6.3) P3 (0.8) C3 (8.5) 

C2 (1.4)  

± 1.1 W1 (2.5) W3 (1.2) 

12 C2  (8.6) W2 (1.0) C2 (4.4) W3 (0.6) C2 (6.4) W3 (1.2) W2 (2.4) W2 (0.8) 

Key: Rank from high to low. EC value is in seconds, PC value is averaged across 5- ¾” diameter locations on fabric 

swatch. Tied Fabric Swatches C1&C2 in the Basic trial are ordered by lowest SD. 
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 In the 5mg trial (refer to Table 4.17a) both untreated nylon and wool fabric 

samples displayed consistent groupings for pollen count. In this trial, six fabric samples 

had matching EC times and PC rankings: untreated Nylon 3 was ranked first, acidic acid 

(vinegar) treated Nylon 3 was ranked 2nd, basic (ammonia) treated Polyester 1 (1st), basic 

(ammonia) treated Polyester 3 (3rd), basic (ammonia) treated Nylon 2 (5th), and fabric 

softener treated Wool 2 was ranked 12th. Acidic acid (vinegar) treated polyester fabric 

samples had a low average pollen count resulting in rankings of 8th, 10th, and 11th in 

contrast to their EC time counterparts that were ranked 1st, 3rd, and 5th.  
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Polyester rubbing cloth 

 

Table 4.17b Electrostatic cling time and 5mg pollen count trial rankings across fabrics with polyester rubbing cloth  

Rank 
Untreated 

EC 

Untreated 

PC 5mg 

Acid 

EC 

Acid 

PC 5mg 

Basic 

EC 

Basic 

PC 5mg 

Fab. Soft. 

EC 

Fab. Soft. 

PC 5mg 

1 N1 (>600) N3 (12.2) N1 (473.7) N1 (3.8) N1 (>600) P1 (8.8) N1 (21.6) P1 (6.8) 

2 N3 (480.2) N2 (11.6) N2 (355.9) N3 (3.4) N3 (>600) P2 (5.2) N3 (20.5) P2 (6.2) 

3 N2 (468.4) N1 (10.8) N3 (329.3) W1 (2.4) N2 (590.6) P3 (3.6) N2 (8.7) N3 (6.0) 

4 P3 (101.3) P1 (5.6) P3 (21.8) C1 (2.2) P1 (466.7) N1 (3.0) P1 (6.9) N1 (5.0) 

5 P2 (87.0) C1 (5.2) P1 (16.4) N2 (2.0) P3 (365.2) N2 (2.8) P3 (6.8) C2 (4.0) 

6 C1 (68.1) C2 (5.0) P2 (11.9) W2 (1.8) P2 (173.3) N3 (2.6) W3 (6.8) P3 (3.8) 

7 
W2 (67.8) P3 (4.6) 

C2 (7.0) 

± 0.9 C3 (1.6) W3 (69.6) C3 (2.0) P2 (5.9) C1 (3.6) 

8 
W3 (59.9) C3 (2.0) 

W3 (7.0) 

± 1.4 P2 (1.4) W2 (67.2) W2 (1.8) W2 (5.2) N2 (3.0) 

9 W1 (55.2) P2 (4.0) W1 (6.6) C2 (1.2) W1 (57.8) W1 (1.6) C1 (3.7) C3 (1.8) 

10 
P1 (48.9) W3 (1.6) W2 (6.5) P1 (1.0) C1 (19.2) 

C1 (1.4)  

± 0.9 W1 (3.6) W1 (1.6) 

11 
C3 (41.1) W1 (1.2) C3 (5.4) P3 (0.8) C3 (10.7) 

C2 (1.4)  

± 1.1 C3 (3.2) W3 (1.2) 

12 C2 (9.1) W2 (1.0) C1 (4.3) W3 (0.6) C2 (10.2) W3 (1.2) C2 (3.0) W2 (0.8) 

Key: Rank from high to low. EC value is in seconds, PC value is averaged across 5- ¾” diameter locations on fabric 

swatch. Tied EC times of C2 & W3 in the Acid trial are ordered by lowest SD. Tied Fabric Swatches C1&C2 in the 

Basic trial are ordered by lowest SD. 

 

 

 

 

 

 In the 5mg trial (refer to Table 4.19c), both untreated nylon and wool fabric 

samples display consistent groupings in average EC and pollen count. In this trial there 

were five matching EC and PC rankings for fabric samples: acidic acid (vinegar) treated 

Nylon 1 ranked first, basic (ammonia) treated Wool 1, Wool 2, and Cotton 1 ranked from 

8th to 10th overall, and fabric softener treated Wool 1 ranked 10th for average EC and 

pollen count. For the acidic acid (vinegar) treatment Wool 1 and Cotton 1 have higher 

than average pollen counts and are ranked 3rd and 4th, above Nylon 2. Treated polyester 

fabric samples had a low average pollen count resulting in rankings of 8th, 10th, and 11th 

in contrast to their EC time counterparts that were ranked 1st, 3rd, and 5th. 
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In summary, there is no apparent matching ranking order across fabrics rubbed 

with polyester rubbing cloth for electrostatic cling time and pollen count.  

 

 

 

Moisture Regain Test Results 

 

 

In order to establish moisture regain rankings the ASTM D 2495-07 (2009) and D 

1576-90 (2008) tests were performed on the fabric samples.  Untreated and treated fabric 

samples were randomly tested between 30-36% relative humidity and 72-76 degrees 

Fahrenheit. The procedure is outlined in Chapter 3 Methods. The average moisture regain 

percentage for the fabric samples was used with pollen count for the regression analysis.  

The relationship between moisture regain and 5mg trial pollen count is discussed in the 

following sections: within fiber, across fiber, and across fabric. Table 4.18 shows fabric 

samples’ moisture regain averages and standard deviations, ranked from highest to lowest 

MR values. 
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Table 4.18 Fabric samples’ moisture regain test results  

Ranking 

Untreated Acidic Acid (vinegar) Basic (ammonia) Fabric Softener 

Fiber 

type 

Avg. 

Fiber type 

Avg. 

Fiber type 

Avg. 

Fiber type 

Avg. 

MR (%) 

± SD 

MR (%) 

± SD 

MR (%) 

± SD 

MR (%) 

± SD 

1 Wool 1 

13.72 ± 

0.23 Wool 1 

13.04 ± 

0.23 Wool 1 

13.23 ± 

0.04 Wool 1 

13.72 ± 

0.11 

2 Wool 3 

13.68 ± 

0.23 Wool 3 

13.01 ± 

0.23 Wool 3 

12.91 ± 

0.04 Wool 3 

13.48 ± 

0.11 

3 Wool 2 
12.81 ± 

0.44 Wool 2 
12.17 ± 

0.22 Wool 2 
12.21 ± 

0.11 Wool 2 
12.96 ± 

0.12 

4 Cotton 3 

8.31 ± 

0.41 Cotton 3 

8.82 ± 

0.21 Cotton 3 

8.80 ± 

0.20 Cotton 3 

7.27 ± 

0.04 

5 Cotton 2 

8.07 ± 

0.42 Cotton 2 

8.51 ± 

0.21 Cotton 2 

8.73 ± 

0.26 Cotton 2 

7.12 ± 

0.06 

6 Cotton 1 
7.36 ± 
0.20 Cotton 1 

7.94 ± 
0.27 Cotton 1 

8.51 ± 
0.21 Cotton 1 

7.11 ± 
0.10 

7 Nylon 1 

4.82 ± 

0.19 Nylon 1 

4.58 ± 

0.19 Nylon 1  

4.57 ± 

0.19 Nylon 1 

3.75 ± 

0.18 

8 Nylon 3 

4.38 ± 

0.38 Nylon 3 

4.54 ± 

0.20 Nylon 3 

4.56 ± 

0.18 Nylon 3 

3.73 ± 

0.18 

9 Nylon 2 
3.86 ± 
0.38 Nylon 2 

4.00 ± 
0.19 Nylon 2 

4.26 ± 
0.19 Nylon 2 

3.29 ± 
0.09 

10 

Polyester 

3 

0.65 ± 

0.04 Polyester 2 

0.71 ± 

0.06 Polyester 2 

0.35 ± 

0.04 Polyester 3 

0.53 ± 

0.04 

11 

Polyester 

2 

0.61 ± 

0.04 Polyester 3 

0.69 ± 

0.04 Polyester 3 

0.34 ± 

0.01 Polyester 1 

0.40 ± 

0.04 

12 

Polyester 
1 

0.57 ± 
0.09 Polyester 1 

0.64 ± 
0.02 Polyester 1 

0.32 ± 
0.09 Polyester 2 

0.35 ± 
0.04 

 

 

Table 4.19 Untreated and treated fabric moisture regain percentages by untreated ranking order 

Fiber type 
Untreated MR 

(%) ± SD 

Acid MR (%) ± 

SD 
Basic MR (%) ± SD 

Fabric Softener  

MR (%) ± SD 

Wool 1 13.72 ± 0.23 13.04 ± 0.23 ↓ 13.23 ± 0.04 13.72  ± 0.11 

Wool 3 13.68 ± 0.23 13.01 ± 0.23 ↓ 12.91 ± 0.04 13.48  ± 0.11 

Wool 2 12.81 ± 0.44 12.17 ± 0.22 ↓ 12.21 ± 0.11 ↓ 12.96  ± 0.12  

Cotton 3 

8.31 ± 0.41 

(7.90-8.72) 

8.82 ± 0.21 

(8.61-9.03) 

8.80 ± 0.20 ↑ 

(8.6-9.0) 
7.27 ± 0.04 ↓ 

Cotton 2 

8.07 ± 0.42 

(7.65-8.49) 

8.51 ± 0.21 

(8.3-8.72) 

8.73 ± 0.26 ↑  

(8.47-8.99) 
7.12  ± 0.06 ↓ 

Cotton 1 

7.36 ± 0.20 
(7.16-7.56) 

7.94 ± 0.27 
(7.67-8.21) 

8.51 ± 0.21 ↑ 7.11 ± 0.10 

Nylon 1 

4.82 ± 0.19 

(4.63-5.01) 

4.58 ± 0.19  

(4.39-4.77) 

4.57 ± 0.19 

(4.38-4.76) 
3.75 ± 0.18 ↓ 

Nylon 3 

4.38 ± 0.38 

(4.00-4.76) 
4.54 ± 0.20 4.56 ± 0.18  3.73 ± 0.18 ↓ 

Nylon 2 

3.86 ± 0.38 

(3.48-4.24) 
4.00 ± 0.19 4.26 ± 0.19  3.29 ± 0.09 ↓ 

Polyester 3 0.65 ± 0.04 0.69 ± 0.06 0.34 ± 0.01 ↓ 0.53 ± 0.04 ↓ 

Polyester 2 0.61 ± 0.04 0.71 ± 0.04 ↑ 0.35 ± 0.04 ↓ 0.35 ± 0.04 ↓ 

Polyester 1 0.57 ± 0.09 0.64 ± 0.02 0.32 ± 0.09 ↓ 0.40 ± 0.04 ↓ 
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Fabric moisture regain and their standard deviations are fairly consistent within 

fiber, across fibers, and across fabrics as shown in Table 4.19. Untreated fabric samples 

had the largest range of standard deviations (0.04-0.44), followed by acid (0.02-0.27), 

basic (0.01-0.26), and fabric softener (0.04-0.18). When looking at how the treatments 

affected the fabric samples’ moisture regain, Table 4.19 shows that for acidic acid 

(vinegar) treated fabrics a general increasing trend is observed other than wool 1, wool 2, 

wool 3 and polyester 2 which show a slightly decreased moisture regain compared to the 

untreated fabrics. The basic (ammonia) treatment caused a decrease in moisture regain 

for most fabrics except cotton 1, 2, 3 as compared to those of untreated counterparts. As 

for the fabric softener treated fabrics, a general decreasing trend is observed other than 

wool 1 and wool 2 which show similar MR values as the untreated group.  

 

 

ASTM Moisture Regain Ranking  

 

According to ASTM D 1909-04 (2009) moisture regain values for fibers are as follows: 

 Polyester: 0.4 % 

 Nylon:  4.5% 

 Cotton: 7.0% natural cotton, 8.0% dyed cotton yarn, and 8.5% mercerized cotton 

yarn 

 Wool (all forms): 13.6% 

Discrepancies in moisture regain values in this study compared to percentages 

established by ASTM 1909-04 (2009) may have been due to relative humidity, fabric 
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dyes, and possible fabric finishes. Fiber moisture regain is directly affected by the 

amount of humidity in the air (Thiry, 2007) as a result higher relative humidity in the test 

area may have increased the overall moisture regain percentages of the fibers. The 

assumption was made that there were no finishes present on the fabric samples as it was 

not specified by the merchant. If a finish such as durable press or water repellency was 

present on the fabric surface fiber moisture regain may have been affected. In general, the 

dyed fabrics that were used in this study (P2 & W2) averaged similar moisture regain 

percentages in comparison to the undyed fabric samples.   

 

 

Relationship between Moisture Regain and Pollen Attraction Within Fiber 

 

In this section, the relationship between fabric moisture regain and the pollen 

counts within the three different fabrics for each fiber type were presented. Regression 

tests with a R2 higher than 60% suggest a relationship (positive or negative) between 

pollen count and fabric moisture regain exists. Table 4.20 shows a summary of 

significant R2 values within fibers. 
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Table 4.20 Significant R2 values for the relationship between moisture regain and pollen count within each fiber for all 

trials 

Moisture Regain Within Fibers R2 above 60% 

 
25mg 10mg 5mg 2mg 

Cotton A (0.6838) ↓ B (0.9407) ↓ Un (0.6379) ↓ 
 

   
Fs (0.9492) ↓ 

 

     

Nylon Un (0.9231) ↓ A (0.9379) ↓ A (0.9772) ↑ Un (0.6516) ↑ 

 
A (0.9721) ↓ 

 
Fs (0.8679) ↑ A (0.9379) ↓ 

 
B (0.9641) ↓ 

  
B (0.9548) ↑ 

 
Fs (0.8974) ↓ 

   

     

Polyester A (0.794) ↑ A (.8848) ↓ Un (0.8009) ↓ B (0.8465) ↓ 

 
B (0.807) ↓ Fs (0.9998) ↑ B (0.6447) ↓ Fs (0.9865) ↑ 

     

Wool B (0.952) ↑ 
 

Fs (0.9567) ↑ Un (0.6332) ↓ 

    
B (0.7309) ↓ 

    
Fs (0.6362) ↓ 

Key: ↑=positive relationship, ↓=negative relationship 

 

 

Cotton      For the 25mg trials the acidic acid (vinegar) fabric samples show a 

negative trend (R2=0.6838) with MR and pollen count. In the 10mg trials, only basic 

(ammonia) treated cotton fabric samples show a negative trend with MR and pollen count  

(R2=0.9407). For the 5mg trial, cotton fabric samples shows a negative trend with MR 

and pollen count in both the untreated (R2=0.6379) and fabric softener (R2=0.9492) 

groups. (Table 4.20). 

 

Nylon     For the 25mg trials, the untreated (R2=0.9231) and all the treated fabric 

samples (acid R2=0.9721, basic R2=0.9641, fabric softener R2=0.8974) had a negative 

relationship between MR and pollen count. In the 10mg trials, only acidic acid (vinegar) 

treated fabric samples display a negative relationship (R2=0.9379) between MR and 
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pollen count. For the 5mg trials, a positive trend is observed for both the acidic acid 

(vinegar) (R2=0.9772) and fabric softener treated (R2=0.8679) fabric samples’ MR and 

pollen count. In the 2mg trials, a positive trend is observed for both the untreated 

(R2=0.6516) and basic (ammonia) (R2=0.9417) treated fabric samples’ MR and pollen 

count. However, a negative relationship is shown between acidic acid (vinegar) treated 

fabric samples’ MR and pollen count (R2=0.9379). Refer to Table 4.20. 

 

Polyester     The 25mg trials show that acidic acid (vinegar) (R2=0.794) treated 

fabric samples have a positive relationship between MR and pollen count while fabric 

samples treated with basic (ammonia) (R2=0.807) display a negative relationship between 

MR and pollen count. In the 10mg trials fabric samples treated with acidic acid (vinegar) 

display a negative relationship (R2=0.8848) between MR and pollen count while fabric 

samples treated with fabric softener (R2=0.9998) show a positive relationship between 

MR and pollen count. For the 5mg trials, both the untreated fabric samples (R2=0.8009) 

and the acidic acid (vinegar) treated fabric samples (R2=0.6447) show a negative 

relationship between MR and pollen count. In the 2mg trials, both the basic (ammonia) 

(R2=0.8465) and fabric softener treated fabric samples (R2=0.9865) display a negative 

trend between MR and pollen count. Refer to Table 4.20. 

 

Wool      The 25mg trial shows that basic (ammonia) treated wool fabric samples 

have a positive trend between MR and pollen count (R2=0.952).  In the 5mg trials, fabric 

softener treated fabric samples display a positive relationship between MR and pollen 
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count (R2=0.9567). For the 2mg trials, a negative trend is observed between fabric 

samples’ MR and pollen count for the untreated (R2=0.6332), basic (ammonia) treatment 

(R2=0.7309), and the fabric softener treatment (R2=0.6362). Refer to Table 4.20. 

 

 

Discussion 

  

Cotton     Cotton fabric samples (untreated and treated) moisture regain values 

ranged from 7.11% to 8.82%. For cotton samples the basic (ammonia) treated fabric 

samples on average, had the highest MR values (8.80, 8.73, and 8.51) with the exception 

of acidic acid (vinegar) treated C3 (8.82%). The 25mg trial had one negative significant 

relationship between fabric samples’ MR and pollen count for the acidic acid (vinegar) 

group. For the 10mg trial a negative relationship was observed between basic (ammonia) 

treated fabric samples’ MR and pollen count. The 5mg trial shows a negative relationship 

between both untreated and fabric softener treated fabric samples’ MR and pollen count. 

Across all trials and treatments, four were significant with a negative relationship (Table 

4.20).  
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Table 4.21a Cotton fabric samples’ MR ranked highest to lowest with average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 
MR (%) 

± SD 
Avg. PC ± SD Fabric 

MR (%) 

± SD 
Avg. PC ± SD 

C3 
8.31 ± 

0.41 
4.4 ± 1.8 C3 

8.82 ± 

0.21 
1.6 ± 1.5 

C2 
8.07 ± 

0.42 
5 ± 3.2 C2 

8.51 ± 

0.21 
1.2 ± 0.8 

C1 
7.36 ± 
0.20 

5.2 ± 1.3 C1 
7.94 ± 
0.27 

2.2 ± 1.5 

Basic 5mg Fabric Softener 5mg 

Fabric 
MR (%) 

± SD 
Avg. PC ± SD Fabric 

MR (%) 

± SD 
Avg. PC ± SD 

C3 
8.80 ± 

0.20 
2 ± 1.2 C3 

7.27 ± 

0.04 
1.8 ± 0.8 

C2 
8.73 ± 
0.26 

1.4 ± 1.1 C2 
7.12 ± 
0.06 

4.0 ± 1.0 

C1 
8.51 ± 

0.21 
1.4 ± 0.9 C1 

7.11 ± 

0.10 
3.6 ± 1.5 

Key: MR (moisture regain), PC (pollen count) averaged across 5 locations 

 

For the untreated cotton fabric samples in the 5mg trial, among the three fabrics, 

the one that was heaviest, had the highest MR of the group (C3 – see Fabric Parameters 

Table 4.1) and the least amount of pollen ranging from 4.4 particles per 3/4” diameter 

section across all trials. The second heaviest of the group (C2) had the second highest 

attached pollen (5.0 particles per 3/4” diameter section across all trials across all trials) 

and the second highest moisture regain. Cotton 1 had the second highest values for 

attached pollen (5.2 particles per 3/4” diameter section across all trials) and the lowest 

moisture regain. Refer to Table 4.21a. 

Cotton fabric samples treated with acidic acid (vinegar) had higher MR values 

and pollen counts compared to the untreated group. The heaviest fabric (C3) had the 

second highest amount of attached pollen (1.6 particles per 3/4” diameter section across 
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all trials) and had the highest MR value. The second heaviest fabric (C2) had the lowest 

amount of attached pollen (1.2 particles per 3/4” diameter section across all trials) and 

was the second highest MR value. The lightest fabric (C1) had the lowest MR and the 

highest amount of attached pollen (2.2 particles per ¾” diameter section). Refer to Table 

4.21a. 

The basic (ammonia) treatment on cotton fabric samples resulted in higher 

moisture regain values than the untreated group. Pollen counts for the basic group were 

similar to the acidic acid (vinegar) treatment (ranging from 1.4-2.0 particles per 3/4” 

diameter section across all trials for all samples) but were still lower than the untreated 

group. Cotton 1 the lightest of the fabrics had the lowest MR value and the second 

highest pollen count (1.4 particles per 3/4” diameter section across all trials). The 

heaviest fabric (C3) had both the highest MR value and pollen count (2.0 particles per 

3/4” diameter section across all trials). Cotton 2 had the second highest MR and the 

lowest pollen count (1.4 particles per ¾” diameter section). Refer to Table 4.21a.  

For the final treatment on cotton fabric samples, fabric softener raised the amount 

of attached pollen compared to the acidic acid (vinegar) and basic treatments while 

overall fabric samples’ moisture regain decreased. The lightest fabric (C1) had the second 

highest amount of attached pollen (3.6 particles per 3/4” diameter section across all trials) 

with the lowest MR value. Cotton 2 was the second highest MR value and the highest 

pollen count (4.0 particles per 3/4” diameter section across all trials) out of the fabric 

softener treated fabric samples. The heaviest of the cotton fabrics (C3) had the highest 
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MR value and the lowest pollen count (1.8particles per 3/4” diameter section across all 

trials). Refer to Table 4.21a. 

 

Nylon     Nylon fabric samples (untreated and treated) moisture regain values 

ranged from 3.29% to 4.82%. The highest average moisture regain values for nylon 

fabrics were in the basic (ammonia) treated group and the lowest was in the fabric 

softener treatment. The 25mg trial shows a negative relationship for each treatment group 

between fabric samples’ MR and pollen count. For the 10mg trial, the acidic acid 

(vinegar) treated fabric samples’ MR and pollen count shows a negative relationship. The 

5mg trial shows a positive relationship between both acidic acid (vinegar) and fabric 

softener treated fabric samples’ MR and pollen count. For the 2mg trial, a positive 

relationship is shown for both untreated and basic (ammonia) treated fabric samples’ MR 

and pollen count. However, a negative relationship was observed between acidic acid 

(vinegar) treated fabric samples’ MR and pollen count in this trial. Across all trials and 

treatments, ten relationships between MR and pollen count were significant with four 

positive and six negative. Refer to Table 4.20.  
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Table 4.21b Nylon fabric samples’ MR values ranked highest to lowest with average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 
MR (%) 

± SD 
Avg. PC ± SD Fabric 

MR (%) 

± SD 
Avg. PC ± SD 

N1 
4.82 ± 

0.19 
10.8 ± 3.7 N1 

4.58 ± 

0.19 
3.8 ± 1.9 

N3 
4.38 ± 

0.38 
12.2 ± 2.6 N3 

4.54 ± 

0.20 
3.4 ± 1.1 

N2 
3.86 ± 
0.38 

11.6 ± 2.6 N2 
4.00 ± 
0.19 

2 ± 2.6 

Basic 5mg Fabric Softener 5mg 

Fabric 
MR (%) 

± SD 
Avg. PC ± SD Fabric 

MR (%) 

± SD 
Avg. PC ± SD 

N1 
4.57 ± 

0.19 
3 ± 1.0 N1 

3.75 ± 

0.18 
5 ± 1.6 

N3 
4.56 ± 
0.18 

2.6 ± 1.14 N3 
3.73 ± 
0.18 

6 ± 2.0 

N2 
4.26 ± 

0.19 
2.8 ± 0.8 N2 

3.29 ± 

0.09 
3 ± 2.0 

Key: MR (moisture regain), PC (pollen count) averaged across 5 locations 

 

For the untreated nylon fabric samples in the 5mg trial, the heaviest sample (N1 – 

see Fabric Parameters Table 4.1) had the least amount of pollen (10.8 particles per 3/4” 

diameter section across all trials) and the highest MR value of the group. The second 

heaviest out of the group (N3) had the highest rate of attached pollen (12.2 particles per 

3/4” diameter section across all trials) and the second highest MR value. Nylon 2 was the 

lightest out of the fabric samples and had the second highest value for attached pollen 

(11.6 particles per 3/4” diameter section across all trials) and the lowest MR value. Refer 

to Table 4.21b.  

Nylon fabric samples treated with acidic acid (vinegar) had lower MR values and 

pollen counts compared to the untreated group except for Nylon 1 which decreased from 

4.82% to 4.58%. The heaviest fabric (N1) had the highest amount of attached pollen (3.8 
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particles per 3/4” diameter section across all trials) and had the highest MR value. The 

second heaviest fabric (N3) had the second highest amount of attached pollen (3.4 

particles per 3/4” diameter section across all trials) and had the second highest MR value. 

The lightest fabric (N2) had the lowest MR value and the lowest amount of attached 

pollen (2.0 particles per 3/4” diameter section across all trials). Refer to Table 4.21b. 

The basic (ammonia) treatment on nylon fabric samples resulted in similar pollen 

counts as shown in the acidic acid (vinegar) treatment. Nylon 2 the lightest of the fabrics, 

had the lowest MR value and the second highest pollen count (2.8 particles per 3/4” 

diameter section across all trials). The heaviest fabric (N1) had the highest MR value and 

the highest pollen count (3.0 particles per 3/4” diameter section across all trials). Nylon 3 

had the second highest MR value and the lowest pollen count (2.6 particles per 3/4” 

diameter section across all trials) of the treatment group. Refer to Table 4.21b. 

Nylon fabric samples treated with fabric softener resulted in the second highest 

pollen count after the untreated group and had the lowest MR values. The second 

heaviest fabric (N3) had the highest amount of attached pollen (6.0 particles per 3/4” 

diameter section across all trials) with the second highest MR value. Nylon 2 the lightest 

of the fabrics, had the lowest MR value and lowest pollen count (3.0 particles per 3/4” 

diameter section across all trials). The heaviest of the nylon fabrics (N1) had the highest 

MR value and the second highest pollen count (5.0 particles per 3/4” diameter section 

across all trials). Refer to Table 4.21b. 
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Polyester      Polyester fabric samples (untreated and treated) moisture regain 

values ranged from 0.32% to 0.71%. The highest average moisture regain values for the 

fabric samples were in the acidic acid (vinegar) treatment followed by untreated, fabric 

softener, and basic (ammonia). For the 25mg trial, a positive relationship was observed 

between the acidic acid (vinegar) treated fabric samples’ MR and pollen count while the 

basic (ammonia) treated fabric samples’ MR and pollen count displayed a negative trend. 

The 10mg trial shows a positive trend between fabric softener treated fabric samples’ MR 

and pollen count while acidic acid (vinegar) treated fabric samples’ display a negative 

relationship.  For the 5mg trial, a negative relationship was observed for both the 

untreated and basic (ammonia) treated fabric samples’ MR and pollen count. The 2mg 

trial shows a negative relationship between MR and pollen count for the basic (ammonia) 

treated fabric samples and a positive relationship between fabric samples’ MR and pollen 

count in the fabric softener treatment. Overall, there were eight significant relationships 

across all trials and treatments, three were positive and five were negative. Refer to Table 

4.20. 
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Table 4.21c Polyester fabric samples’ MR values ranked highest to lowest with average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 
MR (%) 

± SD 
Avg. PC ± SD Fabric 

MR (%) 

± SD 
Avg. PC ± SD 

P3 
0.65 ± 

0.04 
4.6 ± 2.5 P2 

0.71 ± 

0.04 
1.4 ± 1.3 

P2 
0.61 ± 

0.04 
4 ± 1.6 P3 

0.69 ± 

0.06 
0.8 ± 0.8 

P1 
0.57 ± 
0.09 

5.6 ± 2.1 P1 
0.64 ± 
0.02 

1.0 ± 0.7 

Basic 5mg Fabric Softener 5mg 

Fabric 
MR (%) 

± SD 
Avg. PC ± SD Fabric 

MR (%) 

± SD 
Avg. PC ± SD 

P2 
0.35 ± 

0.04 
5.2 ± 1.9 P3 

0.53 ± 

0.04 
3.8 ± 1.3 

P3 
0.34 ± 
0.01 

3.6 ± 1.1 P1 
0.40 ± 
0.04 

6.8 ± 2.6 

P1 
0.32 ± 

0.09 
8.8 ± 3.0 P2 

0.35 ± 

0.04 
6.2 ± 2.9 

Key: MR (moisture regain), PC (pollen count) averaged across 5 locations 

 

For the untreated polyester fabric samples in the 5mg trial, the heaviest (P1 – see 

Fabric Parameters Table 4.1) had the highest amount of pollen (5.6 particles per 3/4” 

diameter section across all trials) and the lowest MR value of the group. The second 

heaviest of the group (P2) had the lowest rate of attached pollen (4.0 particles per 3/4” 

diameter section across all trials) and the second highest MR value. Polyester 3 is the 

lightest of the polyester fabrics and had the second highest rate of attached pollen (4.6 

particles per 3/4” diameter section across all trials) and the highest MR value. Refer to 

Table 4.21c.  

 Polyester fabric samples treated with acidic acid (vinegar) had higher moisture 

regain values than the untreated group and a lower pollen count. The heaviest fabric (P1) 

had the second highest amount of attached pollen (1.0 particles per 3/4” diameter section 
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across all trials) and had the lowest MR value. The second heaviest fabric (P2) had the 

highest amount of attached pollen (1.4 particles per 3/4” diameter section across all trials) 

and was the highest MR value. The lightest fabric (P3) had both the second highest MR 

value and lowest amount of attached pollen (0.8 particles per 3/4” diameter section across 

all trials). Refer to Table 4.21c. 

The basic (ammonia) treatment on polyester fabric samples resulted in higher 

pollen counts than the untreated group and a decrease in moisture regain values. The 

lightest of the fabrics (P3) had the second highest MR value and the lowest pollen count 

(3.6 particles per 3/4” diameter section across all trials). The heaviest fabric (P1) had the 

lowest MR value and the highest pollen count (8.8 particles per 3/4” diameter section 

across all trials). Polyester 2 had the highest MR value and second highest pollen count of 

the group (5.2 particles per 3/4” diameter section across all trials). Refer to Table 4.21c. 

Polyester fabric samples treated with fabric softener produced similar pollen 

count averages as the untreated group but moisture regain values were reduced. The 

second heaviest fabric (P2) had the second highest amount of attached pollen (6.2 

particles per 3/4” diameter section across all trials) with the lowest MR value. Polyester 3 

the lightest of the fabrics, had the highest MR value and lowest pollen count (3.8 particles 

per 3/4” diameter section across all trials). The heaviest of the polyester fabrics (P1) had 

both the highest MR value and pollen count (6.8 particles per 3/4” diameter section 

across all trials). Refer to Table 4.21c. 
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Wool     Wool fabric samples (untreated and treated) moisture regain values 

ranged from 12.71% to 13.72%. Across all trials and treatments five relationships were 

shown as significant with two positive and three negative. For the 25mg trial basic 

(ammonia) treated fabric samples displayed a positive relationship between MR and 

pollen count.  In the 5mg trial, fabric softener treated fabric samples’ MR and pollen 

count was observed to have a positive relationship. For the 2mg trial, a negative 

relationship was observed between fabric samples’ MR and pollen count in the untreated, 

basic (ammonia), and fabric softener groups. Refer to Table 4.20. 

 

 

 

Table 4.21d Wool fabric samples’ MR values ranked highest to lowest with average pollen count across 5mg trials 

Untreated 5mg Acid 5mg 

Fabric 
MR (%) 

± SD 
Avg. PC ± SD Fabric 

MR (%) 

± SD 
Avg. PC ± SD 

W1 
13.72 ± 

0.23 
1.2 ± 0.8 W1 

13.04 ± 

0.23 
2.4 ± 0.9 

W3 
13.68 ± 

0.23 
1.6 ± 1.1 W3 

13.01 ± 
0.23 

0.6 ± 0.9 

W2 
12.81 ± 

0.44 
1.0 ± 1.0 W2 

12.17 ± 

0.22 
1.8 ± 1.8 

Basic 5mg Fabric Softener 5mg 

Fabric 
MR (%) 

± SD 
Avg. PC ± SD Fabric 

MR (%) 

± SD 
Avg. PC ± SD 

W1 
13.23 ± 

0.04 
1.6 ± 1.1 W1 

13.72 ± 
0.11 

1.6 ± 1.1 

W3 
12.91 ± 

0.04 
1.2 ± 0.8 W3 

13.48 ± 

0.11 
1.2 ± 0.8 

W2 
12.21 ± 

0.11 
1.8 ± 1.3 W2 

12.96 ± 

0.12 
0.8 ± 0.8 

Key: MR (moisture regain), PC (pollen count) averaged across 5 locations 

 

For the untreated wool fabric samples the heaviest (W3 – see Fabric Parameters 

Table 4.1) had the highest amount of pollen (1.6 particles per 3/4” diameter section 
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across all trials ) and the second highest MR value of the group. The second heaviest of 

the group (W2) had the lowest rate of attached pollen (1.0 particles per 3/4” diameter 

section across all trials) and the lowest MR value. Wool1 was the lightest of the wool 

fabrics and had the second highest values for attached pollen (1.2 particles per 3/4” 

diameter section across all trials) and the highest MR value. Refer to Table 4.21d.  

 Wool fabric samples treated with acidic acid (vinegar) had lower moisture regain 

values than the untreated group but with similar pollen counts. The heaviest fabric (W3) 

had the lowest amount of attached pollen (0.6 particles per 3/4” diameter section across 

all trials) and the second highest MR value. The second heaviest fabric (W2) had the 

second highest amount of attached pollen (1.8) and was the lowest MR value. The 

lightest fabric (W1) had the highest MR value and the second highest amount of attached 

pollen (2.4 particles per 3/4” diameter section across all trials). Refer to Table 4.21d. 

The basic (ammonia) treatment on wool fabric samples resulted in similar pollen 

counts as shown in the acidic acid (vinegar) treatment and the lowest MR values of the 

treatment groups. Wool 1 the lightest of the fabrics, had the highest MR value and the 

second highest pollen count (1.6 particles per 3/4” diameter section across all trials). The 

heaviest fabric (W3) had the second highest MR value and the lowest pollen count (1.2 

particles per 3/4” diameter section across all trials). Wool 2 had the lowest MR value and 

pollen count of the group (1.8 particles per 3/4” diameter section across all trials). Refer 

to Table 4.21d. 

Wool fabric samples treated with fabric softener produced similar pollen count 

averages and moisture regain values as the untreated group. The second heaviest fabric 
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(W2) had the lowest amount of attached pollen (0.8 particles per 3/4” diameter section 

across all trials) with the lowest MR value. Wool 1 the lightest of the fabrics, had both 

the  highest MR value and pollen count (1.6 particles per 3/4” diameter section across all 

trials). The heaviest of the wool fabrics (W3) had both the second highest MR value and 

pollen count (1.2 particles per 3/4” diameter section across all trials). Refer to Table 

4.21d. 

 

In summary, there is consistency in wool fabric samples’ high MR values and the 

lower rate of pollen attraction. However, there is no consistency among the other fiber 

fabrics and pollen count collected for all fiber fabrics samples. This disparity may be due 

to varying fabric structures, yarn weight, yarn size, the dyeing and finishing process, and 

the relative humidity and temperature of the test area.  

Results from the pollen exposure experiments show that each fabric group (i.e. 

cotton, wool, nylon, and polyester) had both positive and negative relationships between 

MR values and pollen counts in each trial (i.e. 25mg, 10mg, 5mg, and 2mg) and some of 

the fabrics show both a positive and negative trend for the same treatment among 

different trials. Fabrics samples had 26 significant relationships between MR and pollen 

count (positive and negative). Overall, there were 5 significant relationships between 

untreated fabrics’ MR and pollen count, 7 acidic acid (vinegar) treated fabrics’ MR and 

pollen count, 8 basic (ammonia) treated fabrics’ MR and pollen count, and 6 fabric 

softener treated fabrics’ MR and pollen count. There were a total of 8 positive 

relationships and 18 negative.  
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Figure 4.14a Regression on Moisture Regain and Pollen Count for Cotton Fabric Samples 
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Figure  4.14b Regression on Moisture Regain and Pollen Count for Nylon Fabric Samples 
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Figure 4.14c Regression on Moisture Regain and Pollen Count on Polyester Fabric Samples 
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Figure 4.14d Regression on Moisture Regain and Pollen Count on Wool Fabric Samples 
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Relationship between Moisture Regain and Pollen Attraction Across Fiber 

 

 

 

In this section, the relationships between fabric moisture regain and 5mg trial 

pollen counts across each fiber type were presented. Table 4.22 shows the results of the 

fiber groups average pollen count across the fabric samples and the fabric sample 

moisture regain averaged across the fabric samples. Moisture regain ranking was 

established by averaging over the 6 values for each fiber fabric group (3 fabrics x 2 MR 

values) creating a single number for that fiber group. Pollen count ranking was 

established by averaging over the 15 values for each fiber fabric group (3 fabrics x 5 

pollen count locations) creating a single number for the fiber group.  

 
Table 4.22 Comparison across fiber moisture regain and 5mg pollen count ranking 

Treatment 
Order 

(Highest to Lowest) 

Avg. MR  

Ranking (%) 

5mg Avg. 

PC Ranking 

Untreated 

1 Wool (13.40) Nylon (11.53) 

2 Cotton (7.91) Cotton (4.80) 

3 Nylon (4.35) Polyester (4.73) 

4 Polyester (0.61) Wool (1.33) 

Acid 

1 Wool (12.74) Nylon (3.07) 

2 Cotton (8.42) Cotton (1.80) 

3 Nylon (4.37) Wool (1.73) 

4 Polyester (0.68) Polyester (1.00) 

Basic 

1 Wool (12.78) Polyester (5.67) 

2 Cotton (8.68) Nylon (2.80) 

3 Nylon (4.46) Cotton (1.60) 

4 Polyester (0.33) Wool (1.53) 

Fabric Softener 

1 Wool (13.38) Polyester (5.60) 

2 Cotton (7.17) Nylon (4.67) 

3 Nylon (3.59) Cotton (3.07) 

4 Polyester (0.42) Wool (1.20) 
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Untreated     For the untreated group the fiber type average moisture regain 

resulted in wool fabric swatches being the highest followed by cotton, nylon, and 

polyester.  Untreated wool fabric samples had the highest average moisture regain but the 

lowest pollen count across all fibers. In comparison, the 5mg trial resulted in nylon fabric 

samples having the highest overall pollen count followed by cotton, polyester, and wool. 

Refer to Table 4.22. 

 

Acid     For the acidic acid (vinegar) treated fiber groups wool had the highest 

average moisture regain followed by cotton, nylon, and polyester fabric samples. In 

comparison, the average pollen count across the fiber groups resulted in nylon having the  

highest pollen count followed by cotton, wool, and polyester for the 5mg trial. Refer to 

Table 4.22. 

 

Basic     Across fabric samples treated with basic (ammonia) resulted in wool 

samples having the highest moisture regain followed by cotton, nylon, and polyester. For 

the 5mg trial the observed results had the same order from highest to lowest pollen count 

with polyester, nylon, cotton, and wool. The ranking order of fabric samples’ pollen 

count in the 5mg trial (polyester, nylon, cotton, and wool) are the opposite order observed 

in the moisture regain ranking (wool, cotton, nylon, and polyester). Refer to Table 4.22. 

 

Fabric Softener     Fabric samples treated with fabric softener resulted in wool 

having the highest average moisture regain followed by cotton, nylon, and polyester. For 
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the 5mg trial, the same order for highest to lowest pollen count with polyester, nylon, 

cotton, and wool was observed. The ranking order of fabric samples’ pollen count in the 

5mg trial (polyester, nylon, cotton, and wool) was the opposite order observed in the 

moisture regain ranking (wool, cotton, nylon, and polyester). Refer to Table 4.22. 

 

Discussion 

 

 In summary, there is a consistent linear relationship between basic (ammonia) and 

fabric softener treated fabric samples’ moisture regain and pollen count in the 5mg trial. 

In these trials and treatments the ranking order for moisture regain is the opposite of the 

pollen count ranking order for the fabric samples. Wool fabric samples displayed the 

highest average moisture regain in both treatments and had the lowest average pollen 

count. Similarly, cotton fabric samples averaged second highest moisture regain across 

fibers but was ranked third in overall pollen count. Nylon fabric samples ranked third in 

average moisture regain but had the second highest rate of pollen attraction. Polyester 

fabric samples in these treatments were ranked last for moisture regain but had the 

highest pollen count across all fibers.  
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Relationship between Moisture Regain and Pollen Attraction Across Fabric 

 

In this section, the relationship between fabric moisture regain and the 5mg trial 

pollen counts across fabrics were presented. Tables 4.23a shows the results of each 

individual fabric sample’s average moisture regain percentage (MR) in comparison to the 

fabric sample’s average pollen count ranking from highest to lowest in the 5mg trial.  

 

 

 

 

Table 4.23a Fabric sample moisture regain and 5mg pollen count trial rankings across fabrics 

Rank 
Un. 

MR (%) 

Un. 

PC 5mg 

Acid 

MR (%) 

Acid 

PC 5mg 

Basic 

MR (%) 

Basic 

PC 5mg 

Fab. Soft. 

MR (%) 

Fab. Soft. 

PC 5mg 

1 W1 (13.72) N3 (12.2) W1 (13.04) N1 (3.8) W1 (13.23) P1 (8.8) W1 (13.72) P1 (6.8) 

2 W3 (13.68) N2 (11.6) W3 (13.01) N3 (3.4) W3 (12.91) P2 (5.2) W3 (13.48) P2 (6.2) 

3 W2 (12.81) N1 (10.8) W2 (12.17) W1 (2.4) W2 (12.21) P3 (3.6) W2 (12.96) N3 (6.0) 

4 C3 (8.31) P1 (5.6) C3 (8.82) C1 (2.2) C3 (8.80) N1 (3.0) C3 (7.27) N1 (5.0) 

5 C2 (8.07) C1 (5.2) C2 (8.51) N2 (2.0) C2 (8.73) N2 (2.8) C2 (7.12) C2 (4.0) 
6 C1 (7.36) C2 (5.0) C1 (7.94) W2 (1.8) C1 (8.51) N3 (2.6) C1 (7.11) P3 (3.8) 

7 N1 (4.82) P3 (4.6) N1 (4.58) C3 (1.6) N1 (4.57) C3 (2.0) N1 (3.75) C1 (3.6) 

8 N3 (4.38) C3 (2.0) N3 (4.54) P2 (1.4) N3 (4.56) W2 (1.8) N3 (3.73) N2 (3.0) 

9 N2 (3.86) P2 (4.0) N2 (4.00) C2 (1.2) N2 (4.26) W1 (1.6) N2 (3.29) C3 (1.8) 

10 P3 (0.65) 
W3 (1.6) 

P2 (0.71) 
P1 (1.0) 

P2 (0.35) 
C1 (1.4) 

 ± 0.9 
P3 (0.53) 

W1 (1.6) 

11 P2 (0.61) 
W1 (1.2) 

P3 (0.69) 
P3 (0.8) 

P3 (0.34) 
C2 (1.4)  

± 1.1 
P1 (0.40) 

W3 (1.2) 

12 P1 (0.57) W2 (1.0) P1 (0.64) W3 (0.6) P1 (0.32) W3 (1.2) P2 (0.35) W2 (0.8) 

Key: Rank from high to low. MR (%), PC value is averaged across 5- ¾” diameter locations on fabric swatch 
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Discussion 

  

In the 5mg trial (refer to Table 4.26c), wool and cotton fabric samples made up 

the first 6 rankings for MR in the untreated, acidic acid (vinegar), and basic (ammonia), 

fabric softener treatments. For this trial, untreated and fabric softener treated wool fabric 

samples ranked first through third in MR but were 10th through 12th in PC ranking. In the 

acidic acid (vinegar) treatment fabric samples were consistently grouped in both the MR 

and PC rankings. Wool fabric samples ranked first through third in MR while their 

counterparts ranked 10th through 12th in PC rankings. Acidic acid (vinegar) treated cotton 

fabric samples ranked 4th through 6th in MR while their counterparts ranked first through 

third in average pollen count. Nylon fabric samples treated with acid ranked 7th through 

9th in MR while their counterparts ranked 4th through 6th in PC ranking. Acidic acid 

(vinegar) treated polyester fabric samples ranked 10th through 12th in average MR while 

their counterparts ranked 7th through 8th for average pollen count.  

  

In summary, there is no apparent matching ranking order across fabrics for 

moisture regain and pollen count with the exception of untreated and fabric softener 

treated wool fabric samples in the 10mg, 5mg, and 2mg trials.  
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Hypotheses Discussion 

 

The objectives and hypotheses for this study are addressed below.  

 

Objective #1: Determine the relationship between both electrostatic charge and moisture 

regain on the attraction of timothy grass pollen.  

Working hypothesis 1 EC vs. PC: a negatively charged fiber will attract more 

allergens than a positively charged fiber. Reject, there was no linear consistency between 

charges and pollen attraction. 

Working hypothesis 2: as moisture regain increases, allergen attraction will 

decrease. Reject, no linear consistency between moisture regain and pollen count. 

However, wool had the highest MR and lowest PC across all the treatments. 

 

Objective #2: Determine the relationship between treatment type and attraction of 

allergen.  

Working hypothesis 1: The basic treatment will attract more allergens than the 

acidic treatment. Reject, no linear relationship between basic (ammonia) treatment with 

pollen count (positive or negative). Between basic (ammonia) treatment and the acidic 

acid (vinegar) treatment increase/decrease for pollen count was not linear. 



187 
 

 

Working hypothesis 2: Fabric softener will cause the least amount of pollen to be 

attached to the fabric samples out of all the treatments. Reject, no linear relationship 

between fabric softener treatment and pollen attraction. 
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CHAPTER V 

CONCLUSION 

 

 

Studies have indicated that people will spend 80-90% of their lifetime indoors 

(Simoni, Biavati & Carrozzi, 1998). Indoor air is 2 to 10 times more polluted than outside 

air and is filled with both indoor and outdoor allergens (Belew, 2010). Exposure to 

allergens has a broad range of effects on building occupants ranging from hay fever to 

allergic asthma ("Allergy overview," 1995). Textiles make up a vast majority of the 

surfaces, such as draperies, sofas, pillows, and carpeting that are found in an indoor 

space.  Many of the textile surfaces are often covered by allergens due to their tendency 

to attract allergens which can exacerbate the reactions for people suffering from allergies. 

Despite the fact that textiles play an important role in repelling or attracting indoor 

allergens that could affect human health, few studies have sought to determine the 

relationship between fabric parameters and allergen attraction. The purposes of this study 

were to determine if there is a relationship between fabric parameters such as electrostatic 

charge and moisture regain on the attraction of timothy grass pollen and to determine if 

various fabric treatments affect their allergen attraction. 
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Treatments 

 

Untreated     Across all trials, nylon fabric samples had the highest amount of 

attached pollen particles followed by cotton, polyester, and wool. The combination of 

high electrostatic cling time, positive surface charge, and medium moisture regain 

enabled nylon fabric samples to have the highest amounts of attached pollen particles. 

Cotton fabric samples had the next highest amount of attached pollen particles due to 

their positive surface charge, medium-high moisture regain, and short spun fiber ends that 

may have prevented some of the pollen particles from attaching to the fabric surface. 

Polyester fabric samples were third highest in overall pollen count due to their negative 

surface charge, high electrostatic cling time, and low moisture regain. Wool had the least 

amount of attached pollen due to its low electrostatic cling time and high moisture regain.  

 

Acid     Fabric samples treated with acidic acid (vinegar) had an average lower 

pollen count than those in the untreated group. A possible explanation for the decrease in 

pollen count on fabric samples is that the interaction between the negatively charged 

vinegar (CH3COOH) and the positively charged fabric samples (nylon, cotton, and wool) 

may have reduced (shielded) the positive charge on the fabric sample surface as 

discussed in the review of literature. This reduction in positive charge may have lead to 

the decrease in overall attached pollen count since the pollen particles were negatively 

charged. In addition, water can act as an acid or base and may have interacted with the 

fabric samples’ surface charge leading to a decrease in the amount of attached pollen. As 
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discussed in the review of literature, the decrease in pollen count on polyester fabric 

samples may be explained by the both the negatively charged acid and the water in the 

treatment solution interacting with the negatively charged fabric sample and increasing 

the amount of negative charges on the fabric surface. The negatively charged pollen 

particles would have been repelled by the negatively charged fabric surface resulting in 

fewer observed pollen particles on the fabric.  

 

Basic     Fabric samples treated with basic (ammonia) had lower pollen counts 

than the untreated group with the exception of polyester fabric samples. As discussed in 

the review of literature, negatively charged polyester fabric samples may have interacted 

with the ammonia (NH4+OH-) treatment solution. The ammonium ion (NH4+) has a 

positive charge and when it interacted with the negative charges on the fabric surface the 

negative fabric surface charge may have been reduced (shielded). If the negative charge 

on polyester fabric samples were reduced, a negatively charged pollen particle would 

have a higher chance of being attracted to the fabric sample. In addition, the water used in 

the basic solution may have interacted with the negative charges on the fabric samples’ 

surface and reduced some of the negative charges as well. In contrast, positively charged 

fabric samples may not have had any interaction between the positively charged base and 

the samples’ positive surface charge. However, the amount of observed pollen on the 

basic treated fabric samples was less than the untreated group. The water in the treatment 

solution may have acted as an acid (negative charge) and interacted with the positive 

fabric surface charge resulting in reduced (shielded) positive charges on the fabric 
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surface. This reduction in positive surface charges may have caused the decreased 

amount of observed pollen on the fabric surface. 

 

Fabric softener    As discussed in the review of literature, fabric softener leaves a 

residue on fiber surfaces that aids in reducing moisture absorbency and static surface 

charge (Kadolph, 2007, pg. 421). In the Electrostatic cling time and moisture regain tests 

the fabric softener treatment reduced the cling time and moisture regain of the fabric 

samples. Fabric samples treated with fabric softener had lower pollen counts than the 

untreated group with the exception of polyester 1 & 2 and wool 1 & 2 fabric samples. A 

possible explanation for the observed decrease in attached pollen on the fabric samples is 

that the fabric softener solution coated the fibers thus reducing their ability to absorb 

moisture and reduced the fabric samples’ surface charge. This reduction in surface charge 

may have affected the amount of pollen attracted to the fabric samples. Fabric softener 

treated fabric samples on average, had higher pollen counts in comparison to the acidic 

acid (vinegar) and basic (ammonia) treatments. The fabric softener residue may have 

been a factor that increased the overall pollen count on treated fabric samples compared 

to the other treatments due to the fiber surface becoming smoother allowing the pollen to 

attach to the fabric surface more easily.  

 

Electrostatic cling 
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Within fibers     Results from the pollen exposure experiments in comparison to 

the electrostatic cling time tests show no consistency between the amount of attached 

pollen and fabric sample electrostatic cling time. Each fabric group rubbed with nylon or 

polyester had both positive and negative relationships between EC times and pollen 

counts in each 5mg trial. In addition, some of the fabrics showed both a positive and 

negative trend for the same treatment.  

Across fibers    There was no consistent relationship between fabric samples’ 

electrostatic cling time and pollen count across fibers rubbed with nylon or polyester. 

Fabric samples rubbed with nylon cloth resulted in the basic (ammonia) treatment 

electrostatic cling time ranking order matching pollen count rankings in the 5mg trial. 

However, fabric samples rubbed with polyester cloth had no matching EC to pollen count 

rankings. 

Across fabrics    There was no apparent matching ranking order across fabrics 

rubbed with nylon or polyester rubbing cloth for electrostatic cling time and pollen count. 

Polyester rubbed fabric samples had more matching rankings for the trials and treatments 

compared to their counterparts that were rubbed with nylon.  

 

 

Moisture regain 

 

Within fibers     Results from the pollen exposure experiments in comparison to 

the MR tests, show that each fabric group (i.e. cotton, wool, nylon, and polyester) had 
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both positive and negative relationships between MR values and pollen counts in each 

trial. It was observed that some of fabric samples show both a positive and negative trend 

for the same treatment among different trials. Wool fabric samples had the highest MR 

across all treatments within fibers and the lowest pollen count in all trials with the 

exception of acidic acid (vinegar) treated polyester 1 in the 5mg trial. 

Across fibers     There was a consistent relationship between basic (ammonia) and 

fabric softener treated fabric samples’ moisture regain and pollen count in the 10mg, 

5mg, and 2mg trials. In these trials and treatments, the ranking order for moisture regain 

was the opposite of the fabric samples’ pollen count ranking order. The ranking order for 

moisture regain from highest to lowest started with wool followed by cotton, nylon, and 

polyester. In contrast, the highest pollen count ranking belonged to polyester fabric 

samples followed by nylon, cotton, and wool.   

Across fabrics     There was no consistent matching ranking order across fabrics 

for moisture regain and pollen count with the exception of untreated and fabric softener 

treated wool fabric samples in the 5mg trial.  

 

In this study there is no consistent pattern (positive or negative relationship) 

between fabric electrostatic cling time or moisture regain and the amount of pollen 

attached to the fabric samples. Factors that may have contributed to this lack of clear 

relationship are fabric structure, fabric weight, yarn structure, possible finishes on the 

fabric, fabric dye, use of filament rubbing cloths in the electrostatic cling test, and pollen 

type. 
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The fabrics used in this study included two different structures: plain and twill 

weaves. Different weave structures may have affected the cling time of the fabrics against 

the metal plate due to differing amounts of yarn touching the metal surface. In addition, 

the different fabric surface textures caused by the yarn structures (smooth from multi-

filament or rough from single spun) may have affected both EC time and pollen 

attachment by acting as a barrier or allowing direct contact with the fabric surface.  In the 

case of single spun yarns, the fiber ends may have acted as a barrier between the metal 

charging plate and the pollen particles resulting in reduced fabric samples electrostatic 

cling times and attached pollen amounts. Fabric weight may have been another factor in 

electrostatic cling times not being consistent. Heavier fabrics may not have adhered to the 

metal surface for long periods due to the weight of the fabric pulling the fabric sample 

away from the metal plate.  

The assumption was made that there were no finishes present on the fabric 

samples as it was not specified by the merchant. If a finish such as durable press or water 

repellency was present on the fabric surface EC time, MR value, and pollen attachment 

would be affected. In general, the dyed fabrics (P2 & W2) that were used in this study 

averaged similar pollen counts, EC times, and MR values. The fabric dye may have 

affected the results for electrostatic cling times, moisture regain, and pollen count for the 

fabric samples by altering the fibers’ natural electrical conductivity and absorbency 

properties.  

Fiber moisture regain may have affected the relationship of EC and pollen count 

as moisture regain directly affects a fibers’ static surface charge; as fiber moisture regain 
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increases, electrostatic cling on the fiber surface will dissipate (Thiry, 2007). In general, 

with the exception of nylon fabrics, the observed results in this study indicate that as 

moisture regain increases the electrostatic cling time of the fabric samples decreased.  

In addition to fabric parameters and surface charges relative humidity may have 

been a factor in the amount of pollen attached to fabric samples. The higher the moisture 

in the air, the more moisture fibers can readily absorb. By absorbing moisture, fibers can 

dissipate a surface static charge which would directly affect both moisture regain and 

electrostatic cling time values. This study was conducted in relative humidity between 

30%-35%.  

Discrepancies within fiber fabric samples' electrostatic cling time results and 

relationships between electrostatic cling time and pollen count in the experiment may be 

explained by the use of the filament fiber rubbing fabrics. Rubbing fabrics that consisted 

of spun synthetic fibers rubbed against the fabric samples may have lead to increased 

electrostatic cling times due to the fiber ends causing additional static charge.  

The pollen particles used in this study may have been another factor affecting the 

relationship between fabric samples’ EC or MR and pollen count. Timothy grass pollen 

may not have attached to the fabric samples used in this experiment due to their size, 

shape, surface structure, and surface charge. Timothy grass pollen particles range in size, 

have a circular or oval shape, and have a slightly pitted or smooth surface texture (Lewis, 

Vinay & Zenger, 1983). The size of the pollen particles may have been too large to 

become lodged in the fabric samples’ surface structure. In addition, the smooth exterior 

of the pollen may have limited the ability of the pollen particles to lodge on the fabric 
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sample surface since there was no mechanism on the pollen itself to anchor the pollen on 

the fabric. As stated in the review of literature, allergen particles may have a charge if 

they are large enough (Zhang, Zhe, Chandra & Hu, 2005). Assuming the pollen particles 

used in this study were large enough to have a charge, the acidic acid (vinegar) and basic 

(ammonia) treatments indicate that the pollen particles had a negative surface charge.  

 

In summary, there was no consistent data determining a relationship between fiber 

electrostatic charge or moisture regain with the amount of attached pollen on the fabric 

samples. For the acid treatment, the positively charged fabrics of nylon, cotton, and wool 

in general had reduced amounts of attached pollen. The acidic acid treatment may have 

reduced (shielded) some of the positive charge on the fabric samples’ surface resulting in 

reduced pollen attachment rates as indicated by the review of literature. This observed 

result may be due to the overall strength of the positive charge being reduced and the 

negatively charged pollen was less attracted to the fabric samples.  Polyester was the only 

negatively charged fabric sample and the acidic treatment may not have had any effect on 

the fabric samples’ surface charge. However, polyester fabric samples displayed a 

decrease in pollen count in the acidic acid treatment compared to the untreated group. 

This decrease in attached pollen on fabric samples may be a result of the negative surface 

charge repelling the negatively charged pollen.  

The basic (ammonia) treatment in general, resulted in lower pollen counts on the 

fabric samples in comparison to the untreated group with the exception of polyester 

samples. The negatively charged polyester fabrics treated with a positively charged 
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solution may have caused the negative charges on the fabric surface to be reduced 

(shielded). This reduction in negative surface charge on the fabric samples may explain 

the increase in pollen count. The repelling forces between the negative charges may have 

been reduced allowing for more pollen to attach to the fabric surface.  

The positively charged basic treatment solution may not have had any effect on 

the positively charged fabric samples’ surface charge. The decrease in pollen count in 

comparison to the untreated group may indicate that the water in the solution reduced 

(shielded) some of the positive charge on the fabric samples’ surface. The fabric samples 

would have remained positively charged but the reduction in charge strength may have 

attracted fewer negatively charged pollen particles.  

 

 

Implications 

 

The implications from conducting this study are described in this section. 

 Recommend Timothy grass pollen allergy sufferers to use wool fabric for pollen 

reduction and to avoid nylon fabrics.  

 Vinegar reduced the amount of attached pollen on all the fabric samples (cotton, 

nylon, polyester, wool) used in this study. Using vinegar as a solvent for cleaning 

fabrics would aid allergy sufferers by reducing the amount of Timothy grass 

pollen attached to fabrics.  
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Limitations of the Study 

 

There were several limitations in conducting this study, as described in this section. 

1. The results of this study are applicable to Timothy grass pollen and do not 

represent other pollen and allergen types.  

2. The selection of fabric samples and rubbing clothes was limited by what was 

available to the researcher locally.  

3. The use of three fabrics per fiber group with differing fabric parameters limited 

the ability to detect significant relationships between fabric samples’ electrostatic 

charge, moisture regain, and pollen count. 

4. The researcher had minimal control over indoor/outdoor airflow, relative 

humidity, and temperature in the testing environments.  

 

Recommendations for Future Research 

 

This study involved 12 fabrics that were readily available from local fabric 

merchants. In order for a future study to establish if electrostatic cling, moisture regain, 

and other fabric parameters affect pollen attachment, it is recommended that future 

studies use different types of raw fibers that have the same fabric parameters or use the 

same raw fiber with differing fabric parameters to test for pollen attachment. In addition, 

future studies could determine how pollen attaches to textiles. 
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APPENDIX A MATERIAL DATA SAFETY SHEET 
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APPENDIX B ELECTROSTATIC CLING RAW DATA 

 
Table Ab.1 Untreated fabric samples EC raw data for warp and filling specimens with nylon rubbing fabric 

Fab. UnW1 UnW2 UnW3 Avg. W SD W UnF1 UnF2 UnF3 Avg. F SD F RH Temp 

C1 18.3 12.7 10.2 13.73 4.15 40.3 25.6 32.6 32.83 7.35 31 77 

C2 5 8.5 12.3 8.60 3.65 14.6 6.5 15.7 12.27 5.02 30 77 

C3 19.6 15.3 13.9 16.27 2.97 4.5 12.9 8.6 8.67 4.20 30 76 

N1 118.5 123.6 130.5 124.20 6.02 92.3 78.5 110.3 93.70 15.95 31 76 

N2 485.3 507.9 498.7 497.30 11.36 232.8 157.3 241.2 210.43 46.21 31 77 

N3 612.8 601.3 605.6 600.00 0.00 600 551.7 592.9 581.53 26.08 32 77 

P1 602.8 604.2 603.1 600.00 0.00 600 593.6 579.4 591.00 10.54 30 77 

P2 356.7 349.4 337.6 347.90 9.64 231.4 209.1 215.6 218.70 11.47 31 76 

P3 589.9 600 594.1 594.67 5.07 368.3 389.8 387.2 381.77 11.73 33 76 

W1 34.6 28.8 43.2 35.53 7.25 36.6 35.4 21.6 31.20 8.34 31 75 

W2 35.7 29.5 23.3 29.50 6.20 30.9 24.6 17.7 24.40 6.60 31 75 

W3 15.8 18.7 21.8 18.77 3.00 13.7 22.8 50.3 28.93 19.06 32 74 

Key: Times are in seconds, W=warp, F=filling, SD=standard deviation. Note: Any EC time greater than 600 seconds 

was reported as >600 as per instructions from AATCC115  

 

 

 

Table Ab.2 Acid treated fabric samples EC raw data for warp and filling specimens with nylon rubbing fabric 

Fab. VW1 VW2 VW3 Avg. W SD W VF1 VF2 VF3 Avg. F SD F RH Temp 

C1 5.7 6.3 7.2 6.40 0.75 12.1 7.4 6.9 8.80 2.87 32 75 

C2 4.6 4.8 3.9 4.43 0.47 8.8 4.9 2.6 5.43 3.13 32 75 

C3 4.7 6.8 7.4 6.30 1.42 4.9 5.3 5.6 5.27 0.35 32 76 

N1 117.3 106.6 123.5 115.80 8.55 92.6 87.8 118.2 99.53 16.34 32 76 

N2 310.9 331.7 306.2 316.27 13.57 292.5 319.8 288.4 300.23 17.07 33 76 

N3 476.8 501.6 478.9 485.77 13.75 416.2 502.1 458.6 458.97 42.95 33 76 

P1 448.5 474.4 456.2 459.70 13.30 383.6 407.4 392.8 394.60 12.00 34 75 

P2 295.8 325.7 308.1 309.87 15.03 256.2 277.9 228.8 254.30 24.61 33 74 

P3 506.3 532.2 517.8 518.77 12.98 333.2 371.6 349.8 351.53 19.26 33 74 

W1 8.7 9.3 8.2 8.73 0.55 3.4 6.1 8.3 5.93 2.45 34 74 

W2 12.3 17.6 11.8 13.90 3.21 18.9 6.3 11.8 12.33 6.32 33 73 

W3 6.8 9.8 7.1 7.90 1.65 5.3 12.7 9.9 9.30 3.74 32 73 

Key: Times are in seconds, W=warp, F=filling, SD=standard deviation 
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Table Ab.3 Basic treated fabric samples EC raw data for warp and filling specimens with nylon rubbing fabric 

Fab. AW1 AW2 AW3 Avg. W SD W AF1 AF2 AF3 Avg. F SD F RH Temp 

C1 126.3 92.8 103.6 107.57 17.10 35.2 37.8 62.9 45.30 15.30 35 77 

C2 5.5 7.6 6.2 6.43 1.07 4.6 3.8 8.2 5.53 2.34 35 77 

C3 8.7 5.5 11.3 8.50 2.91 7.3 12.5 4.8 8.20 3.93 34 76 

N1 152.8 163.1 149.6 155.17 7.05 98.2 108.5 76.2 94.30 16.50 32 74 

N2 261.4 237.3 264.1 254.27 14.76 248.3 226.6 263.7 246.20 18.64 32 74 

N3 473.2 492.8 463.6 476.53 14.88 363.3 396.9 378.2 379.47 16.84 33 75 

P1 600 600 595.4 598.47 2.66 447.6 473.1 456.8 459.17 12.91 32 73 

P2 361.3 382.6 378.3 374.07 11.26 269.1 245.2 246.7 253.67 13.39 33 72 

P3 460.2 466.5 445.4 457.37 10.83 272.2 286.9 306.1 288.40 17.00 34 73 

W1 32.2 28.7 29.5 30.13 1.83 35.1 28.7 27.2 30.33 4.20 35 76 

W2 33.3 43.6 35.7 37.53 5.39 30.2 23.6 34.1 29.30 5.31 34 77 

W3 13.2 15.6 18.7 15.83 2.76 13.4 22.3 12.8 16.17 5.32 33 77 

Key: Times are in seconds, W=warp, F=filling, SD=standard deviation 

 

 

 

 

Table Ab.4 Fabric softener treated fabric samples EC raw data for warp and filling specimens with nylon rubbing fabric 

Fab. FW1 FW2 FW3 Avg. W SD W FF1 FF2 FF3 Avg. F SD F RH Temp 

C1 9.8 8.7 9.2 9.23 0.55 9.5 5.7 6.1 7.10 2.09 32 73 

C2 3.8 1.6 3.3 2.90 1.15 2.3 7.1 1.8 3.73 2.93 33 73 

C3 2.4 2.7 2.8 2.63 0.21 3.1 1.6 2.9 2.53 0.81 34 74 

N1 123.6 121.9 113.8 119.77 5.24 84.5 107.6 96.1 96.07 11.55 33 74 

N2 304.4 326.2 308.8 313.13 11.53 225.3 202.9 194.4 207.53 15.96 33 75 

N3 308.5 293.2 302.8 301.50 7.73 304.5 312.9 301.6 306.33 5.87 34 75 

P1 12.3 10.6 11.8 11.57 0.87 6.3 5.8 9.7 7.27 2.12 35 74 

P2 7.8 5.8 7.3 6.97 1.04 3.7 4.8 6.1 4.87 1.20 35 74 

P3 10.6 10.1 10.2 10.30 0.26 5.3 6.8 8.7 6.93 1.70 32 73 

W1 2.7 2.5 2.4 2.53 0.15 2.1 5.9 2.6 3.53 2.06 34 76 

W2 2.3 2.2 2.8 2.43 0.32 2.6 1.7 3.8 2.70 1.05 34 76 

W3 2.5 5.6 3.8 3.97 1.56 1.3 1.6 6.8 3.23 3.09 35 75 

Key: Times are in seconds, W=warp, F=filling, SD=standard deviation 
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Table Ab.5 Untreated fabric samples EC raw data for warp and filling specimens with polyester rubbing fabric 

Fab. UnW1 UnW2 UnW3 Avg. W SD W UnF1 UnF2 UnF3 Avg. F SD F RH Temp 

C1 65.3 75.9 63.2 68.13 6.81 72.7 53.4 48.6 58.23 12.76 30 73 

C2 6.5 8.3 12.6 9.13 3.13 12.4 15.1 6.6 11.37 4.34 32 74 

C3 45.4 35.8 42.1 41.10 4.88 61.4 49.8 51.6 54.27 6.24 31 73 

N1 656.7 649.2 648.1 600.00 0.00 519.2 505.4 503.8 509.47 8.47 30 77 

N2 455.4 482.7 467.1 468.40 13.70 432.2 420.6 446.2 433.00 12.82 30 76 

N3 493.1 474.5 473.2 480.27 11.13 372.8 383.9 362.3 373.00 10.80 31 75 

P1 51.8 45.6 49.3 48.90 3.12 36.4 61.5 47.8 48.57 12.57 30 77 

P2 81.3 76.5 103.4 87.07 14.35 86.8 103.1 102.7 97.53 9.30 31 76 

P3 96.3 108.5 99.1 101.30 6.39 47.8 58.7 77.2 61.23 14.86 32 76 

W1 53.6 57.3 54.7 55.20 1.90 80.4 54.2 55 63.20 14.90 32 76 

W2 81.2 53.8 68.6 67.87 13.71 96.4 75.2 88.3 86.63 10.70 32 75 

W3 62.4 59.5 57.8 59.90 2.33 63.4 70.9 43.1 59.13 14.38 31 77 

Key: Times are in seconds, W=warp, F=filling, SD=standard deviation 

 

 

 

 

 

Table Ab.6 Acid treated fabric samples EC raw data for warp and filling specimens with polyester rubbing fabric 

Fab. VW1 VW2 VW3 Avg. W SD W VF1 VF2 VF3 Avg. F SD F RH Temp 

C1 3.3 4.5 5.3 4.37 1.01 6.3 11.2 3.8 7.10 3.76 34 73 

C2 7.1 6.1 7.9 7.03 0.90 6.7 3.3 5.3 5.10 1.71 32 73 

C3 7.5 4.5 4.2 5.40 1.82 6.3 3.1 14.8 8.07 6.05 33 74 

N1 481.2 467.6 472.5 473.77 6.89 442.3 403.8 422.2 422.77 19.26 34 74 

N2 355.7 369.8 342.3 355.93 13.75 279.6 307.1 293.9 293.53 13.75 33 74 

N3 322.3 341.6 324.2 329.37 10.64 317.3 305.4 283.4 302.03 17.20 33 74 

P1 17.6 18.2 13.4 16.40 2.62 4.3 11.8 15.2 10.43 5.58 33 75 

P2 13.6 11.9 10.3 11.93 1.65 5.3 15.5 6.9 9.23 5.49 32 76 

P3 22.6 19.9 23.1 21.87 1.72 13.6 17.3 25.8 18.90 6.26 31 76 

W1 6.2 6.1 7.6 6.63 0.84 3.8 8.9 5.3 6.00 2.62 31 76 

W2 5.6 6.8 7.3 6.57 0.87 9.2 3.3 4.8 5.77 3.07 31 77 

W3 8.1 5.4 7.6 7.03 1.44 5.6 3.7 9.3 6.20 2.85 30 77 

Key: Times are in seconds, W=warp, F=filling, SD=standard deviation 
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Table Ab.7 Basic treated fabric samples EC raw data for warp and filling specimens with polyester rubbing fabric 

Fab. AW1 AW2 AW3 Avg. W SD W AF1 AF2 AF3 Avg. F SD F RH Temp 

C1 20.2 22.7 14.8 19.23 4.04 16.9 26.3 13.5 18.90 6.63 32 75 

C2 8.2 11.8 10.8 10.27 1.86 36.6 38.8 48.1 41.17 6.10 32 76 

C3 13.6 9.1 9.6 10.77 2.47 7.8 12.3 4.5 8.20 3.92 31 75 

N1 618.6 619.8 635.3 600.00 0.00 567.6 600 600 589.20 18.71 33 77 

N2 602.8 586.3 585.5 590.60 8.15 600 590.8 583.4 591.40 8.32 33 76 

N3 608.6 611.3 618.4 600.00 0.00 587.4 598.3 600 595.23 6.84 32 76 

P1 476.3 454.2 469.6 466.70 11.33 376.2 382.7 398.1 385.67 11.25 31 77 

P2 165.2 168.3 186.5 173.33 11.51 146.6 172.8 168.3 162.57 14.01 32 73 

P3 372.9 349.2 373.6 365.23 13.89 222.9 251.7 227.5 234.03 15.47 31 75 

W1 57.6 57.3 58.5 57.80 0.62 36.8 31.2 46.4 38.13 7.69 32 73 

W2 56.3 81.3 64.2 67.27 12.78 47.6 73.7 39.4 53.57 17.91 33 73 

W3 73.4 78.3 57.2 69.63 11.04 68.5 47.3 53.3 56.37 10.93 34 77 

Key: Times are in seconds, W=warp, F=filling, SD=standard deviation. Note: Any EC time greater than 600 seconds 

was reported as >600 as per instructions from AATCC115  

 

 

 

 

 

Table Ab.8 Fabric softener treated fabric samples EC raw data for warp and filling specimens with polyester rubbing 

fabric 

Fab. FW1 FW2 FW3 Avg. W SD W FF1 FF2 FF3 Avg. F SD F RH Temp 

C1 3.1 3.8 4.2 3.70 0.56 2.3 5.3 3.8 3.80 1.50 35 77 

C2 2.1 3.6 3.3 3.00 0.79 6.5 2.3 3.2 4.00 2.21 35 77 

C3 3.5 3.4 2.8 3.23 0.38 3.2 6.7 2.8 4.23 2.15 34 76 

N1 22.8 20.3 21.7 21.60 1.25 18.6 7.3 10.2 12.03 5.87 33 75 

N2 7.3 9.2 9.8 8.77 1.31 6.4 4.8 9.7 6.97 2.50 32 75 

N3 20.6 19.3 21.8 20.57 1.25 19.3 12.1 13.7 15.03 3.78 33 76 

P1 6.8 7.7 6.3 6.93 0.71 3.4 3.1 4.3 3.60 0.62 32 74 

P2 5.2 5.3 7.2 5.90 1.13 4.8 8.6 3.9 5.77 2.49 32 74 

P3 7.2 6.9 6.5 6.87 0.35 3.4 3.2 6.7 4.43 1.97 33 73 

W1 4.5 2.8 3.7 3.67 0.85 4.8 2.1 3.7 3.53 1.36 33 74 

W2 5.4 5.5 4.7 5.20 0.44 4.1 6.9 5.8 5.60 1.41 32 73 

W3 7.1 7 6.3 6.80 0.44 6.2 5.6 7.8 6.53 1.14 34 74 

Key: Times are in seconds, W=warp, F=filling, SD=standard deviation 
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APPENDIX C MOISTURE REGAIN RAW DATA 

 
Table Ac.1 Untreated fabric samples MR raw data 

Fab. 
Orig. 

Spcmn Wgt. 

Jar 

Wgt. 

Spcmn 

Wgt. 1 

Spcmn 

Wgt. 2 
MR1 (%) MR2 (%) Avg. (%) SD RH Temp 

C1 4.01 20.21 3.73 3.74 7.22 7.5 7.36 0.20 30 75 

C2 4.02 20.25 3.71 3.73 7.77 8.36 8.07 0.42 35 76 

C3 4.04 20.28 3.73 3.72 8.6 8.02 8.31 0.41 34 76 

N1 4.03 20.35 3.84 3.85 4.68 4.95 4.82 0.19 33 75 

N2 4.03 20.34 3.87 3.89 3.59 4.13 3.86 0.38 32 75 

N3 4.05 20.31 3.89 3.87 4.11 4.65 4.38 0.38 30 74 

P1 4.01 20.12 3.98 3.985 0.63 0.5 0.57 0.09 31 74 

P2 4.01 20.11 3.99 3.987 0.58 0.63 0.61 0.04 32 72 

P3 4.03 20.15 4.025 4.023 0.67 0.62 0.65 0.04 33 73 

W1 4.02 20.23 3.53 3.54 13.88 13.56 13.72 0.23 34 72 

W2 4.05 20.22 3.6 3.58 12.5 13.12 12.81 0.44 32 73 

W3 4.03 20.25 3.55 3.54 13.52 13.84 13.68 0.23 31 75 

Key: Weight is in grams for jar and fabric specimens. MR=moisture regain, SD=standard deviation 

 

 

 

Table Ac.2 Acid treated fabric samples MR raw data 

Fab. 
Orig. 

Spcmn Wgt. 

Jar 

Wgt. 

Spcmn 

Wgt. 1 

Spcmn 

Wgt. 2 
MR1 (%) MR2 (%) Avg. (%) SD RH Temp 

C1 4.03 20.28 3.73 3.74 8.13 7.75 7.94 0.27 35 74 

C2 4.02 20.24 3.71 3.73 8.65 8.36 8.51 0.21 33 74 

C3 4.01 20.23 3.68 3.69 8.97 8.67 8.82 0.21 32 72 

N1 4.00 20.32 3.82 3.83 4.44 4.71 4.58 0.19 30 75 

N2 4.03 20.32 3.86 3.87 3.86 4.13 4.00 0.19 31 76 

N3 4.03 20.37 3.86 3.85 4.4 4.68 4.54 0.20 34 72 

P1 4.01 20.15 4.024 4.025 0.65 0.62 0.64 0.02 33 73 

P2 4.01 20.23 3.983 3.981 0.73 0.68 0.71 0.04 35 72 

P3 4.02 20.26 3.994 3.991 0.65 0.73 0.69 0.06 31 74 

W1 4.03 20.11 3.56 3.57 13.2 12.88 13.04 0.23 30 75 

W2 4.01 20.31 3.58 3.57 12.32 12.01 12.17 0.22 30 76 

W3 4.04 20.25 3.58 3.57 12.84 13.17 13.01 0.23 32 73 

Key: Weight is in grams for jar and fabric specimens. MR=moisture regain, SD=standard deviation 
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Table Ac.3 Basic treated fabric samples MR raw data 

Fab. 
Orig. 

Spcmn Wgt. 

Jar 

Wgt. 

Spcmn 

Wgt. 1 

Spcmn 

Wgt. 2 
MR1 (%) MR2 (%) Avg. (%) SD RH Temp 

C1 4.02 20.08 3.70 3.71 8.36 8.65 8.51 0.21 31 75 

C2 4.03 20.23 3.70 3.71 8.54 8.91 8.73 0.26 30 76 

C3 4.02 20.32 3.70 3.69 8.94 8.6 8.80 0.20 35 73 

N1 4.01 20.17 3.84 3.83 4.7 4.43 4.57 0.19 34 74 

N2 4.04 20.51 3.88 3.87 4.12 4.39 4.26 0.19 33 73 

N3 4.02 20.11 3.85 3.84 4.69 4.43 4.56 0.18 35 76 

P1 4.03 20.36 4.02 4.015 0.25 0.38 0.32 0.09 31 72 

P2 4.05 20.16 4.035 4.037 0.37 0.32 0.35 0.04 32 76 

P3 4.01 20.34 3.997 3.996 0.35 0.33 0.34 0.01 32 72 

W1 4.03 20.15 3.56 3.558 13.26 13.2 13.23 0.04 35 73 

W2 4.02 20.22 3.58 3.585 12.13 12.29 12.21 0.11 34 74 

W3 4.03 20.38 3.57 3.568 12.88 12.94 12.91 0.04 30 74 

Key: Weight is in grams for jar and fabric specimens. MR=moisture regain, SD=standard deviation 

 

 

 

Table Ac.4 Fabric softener treated fabric samples MR raw data 

Fab. 
Orig. 

Spcmn Wgt. 

Jar 

Wgt. 

Spcmn 

Wgt. 1 

Spcmn 

Wgt. 2 
MR1 (%) MR2 (%) Avg. (%) SD RH Temp 

C1 4.03 20.13 3.76 3.765 7.18 7.04 7.11 0.10 32 72 

C2 4.04 20.52 3.773 3.77 7.08 7.16 7.12 0.06 31 75 

C3 4.00 20.32 3.728 3.73 7.24 7.29 7.27 0.04 33 74 

N1 4.01 20.09 3.86 3.87 3.62 3.88 3.75 0.18 35 72 

N2 4.01 20.15 3.88 3.885 3.22 3.35 3.29 0.09 34 72 

N3 4.03 20.11 3.88 3.89 3.86 3.6 3.73 0.18 32 73 

P1 4.03 20.26 4.015 4.013 0.42 0.37 0.40 0.04 30 75 

P2 4.05 20.24 4.035 4.037 0.37 0.32 0.35 0.04 35 75 

P3 4.02 20.33 3.998 4.00 0.5 0.55 0.53 0.04 35 73 

W1 4.04 20.22 3.55 3.555 13.64 13.8 13.72 0.11 33 74 

W2 4.03 20.12 3.57 3.565 12.87 13.04 12.96 0.12 31 75 

W3 4.02 20.14 3.54 3.545 13.55 13.4 13.48 0.11 35 72 

Key: Weight is in grams for jar and fabric specimens. MR=moisture regain, SD=standard deviation 
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APPENDIX D FORMULAS 

 

 

Fabric Weight 

g/in2= weight (g) / area (in2) 

 

Yarn Number 

 Ne(warp)=warp yarn length (in) x 0.0150 / avg warp yarn weight (g) 

Ne(filling)=filling yarn length (in) x 0.0150 / avg filling yarn weight (g) 

 

Fiber Moisture Regain 

Moisture Regain %= [(M-D)/D] x 100 

 M=G-C    M=mass of specimen as received, G=gross mass of specimen and 

container, C=mass of the empty container 

 D=B-T    D=oven dry mass of specimen, B=mass of specimen and weighing 

bottle, T=mass of empty weighing container 
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APPENDIX E STAINLESS STEEL PC RAW DATA 

 

 
Table Ae.1 Pollen count on untreated fabric samples, 2mg trial with stainless steel container 

Fabric UnC UnTL UnTR UnBL UnBR Avg. Std Dev Grp Avg. 

Cotton 1 3 2 3 4 1 2.6 1.14 3.40 

Cotton 2 5 4 6 4 4 4.6 0.89   

Cotton 3 2 4 4 3 2 3 1.00   

Nylon 1 10 12 17 11 9 11.8 3.11 11.47 

Nylon 2 9 13 11 12 9 10.8 1.79   

Nylon 3 13 10 11 12 13 11.8 1.30   

Polyester 1 5 6 3 4 3 4.2 1.30 3.47 

Polyester 2 4 2 2 5 3 3.2 1.30   

Polyester 3 6 1 4 3 1 3 2.12   

Wool 1 0 2 2 1 3 1.6 1.14 1.67 

Wool 2 1 1 2 1 3 1.6 0.89   

Wool 3 2 1 3 2 1 1.8 0.84   
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APPENDIX F 25MG, 10MG, AND 2MG DATA AND DISCUSSIONS 

 

The relationship between electrostatic cling time and 25mg, 10mg, and 2mg 

pollen attraction is discussed in the following sections: within fiber, across fiber, and 

across fabric.  

 

Table Af.1a Cotton fabric samples’ EC times with nylon rubbing cloth, ranked highest to lowest with 

average pollen count across all trials 

Untreated Acid Treated 

Fabric 

Warp 

EC ± SD 

 

Avg. PC ± SD 

Fabric 

Warp EC 

± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 
2m

g 

C3 
16.26 ± 

2.97 
6 ± 3.5 

5.8 ± 

2.6 
4.4 ± 1.8 

4 ± 

1.4 
C1 6.4 ± 0.75 

1.2 

±1.0 
3.2 ± 1.9 

2.2 ± 

1.5 

1.8 

± 

1.5 

C1 
13.73 ± 

4.14 

10.8 ± 

3.7 

8.4 ± 

3.9 
5.2 ± 1.3 

4.2 ± 

1.9 
C3 6.3 ± 1.41 

4.2 ± 

0.8 
3.4 ± 1.1 

1.6 ± 

1.5 

1.6 

± 

0.9 

C2 
8.6 ± 
3.65 

12 ± 8.2 
8.2 ± 
6.0 

5 ± 3.2 
4.41 
± 2.7 

C2 4.4 ± 0.47 
5.2 ± 
1.9 

2.4 ± 3.1 
1.2 ± 
0.8 

1.2 
± 

1.3 

Basic Treated Fabric Softener Treated 

Fabric 

Warp 

EC ± SD 

 

Avg. PC ± SD 

Fabric 

Warp EC 

± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 
2m

g 

C1 
107.5 ± 

17.09 

3.6 ± 

1.5 

2.6 ± 

1.1 
1.4 ± 0.9 

1.2 ± 

1.3 
C1 9.2 ± 0.55 

6.4 ± 

2.5 
5.2 ± 1.9 

3.6 ± 

1.5 

3 ± 

1.6 

C3 8.5 ± 2.9 
2.6 ± 

1.1 
4 ± 1.6 2 ± 1.2 

2 ± 

1.0 
C2 2.9 ±  1.15 

3 ± 

1.2 
5.6 ± 2.0 

4.0 ± 

1.0 

1.6 

± 

1.1 

C2 
6.4 ± 

1.06 

1.2 ± 

0.8 

1.6 ± 

1.1 
1.4 ± 1.1 

1 ± 

1.0 
C3 2.6 ± 0.20 

5.6 ± 

1.5 
3.6 ± 1.1 

1.8 ± 

0.8 

2 ± 

1.6 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations  

 

 For the untreated cotton fabric samples, among the three fabrics, the one that was 

the heaviest, had the longest EC time of the group (C3 – see Fabric Parameters Table 4.1, 

pg. ??) had the least amount of pollen ranging from 4-6 particles per 3/4” diameter 
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section across all trials across all trials. The second heaviest of the group (C2) had the 

most attached pollen (4.4-12 particles per 3/4” diameter section across all trials across all 

trials) and the lowest EC time. Cotton 1 had the second highest values for attached pollen 

(4.2-10.8 particles per 3/4” diameter section across all trials) and EC time. Refer to Table 

Af.1a. 

 Cotton fabric samples treated with acidic acid (vinegar) had lower EC times and 

pollen counts compared to the untreated group. The heaviest fabric (C3) had the second 

highest amount of attached pollen (1.6-4.2 particles per 3/4” diameter section across all 

trials) and had the second highest EC time. The second heaviest fabric (C2) had the 

highest amount of attached pollen (1.2-5.2 particles per 3/4” diameter section across all 

trials) and was the lowest EC time. The lightest fabric (C1) had the highest EC and the 

least amount of attached pollen (1.2-3.2 particles per ¾” diameter section). Refer to Table 

Af.1a. 

 The basic (ammonia) treatment on cotton fabric samples resulted in shorter cling 

times than the untreated group with exception of Cotton 1 which had a longer cling time. 

Pollen counts for the acidic group were similar to the acidic acid (vinegar) treatment 

(ranging from 1-4 particles per 3/4” diameter section across all trials for all samples) but 

were still lower than the untreated group. Cotton 1 the lightest of the fabrics had the 

lowest EC time and the second highest pollen count (1.2-3.6 particles per 3/4” diameter 

section across all trials). The heaviest fabric (C3) had the second highest EC time and the 

highest pollen count (2-4.0 particles per 3/4” diameter section across all trials). Cotton 2 
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had the lowest EC time and the lowest pollen count (1-1.6 particles per ¾” diameter 

section). Refer to Table Af.1a.  

 For the final treatment on cotton fabric samples, fabric softener raised the amount 

of attached pollen compared to the acidic acid (vinegar) and basic treatments while 

overall fabric EC time decreased. The lightest fabric (C1) had the greatest amount of 

attached pollen (3-6.4 particles per 3/4” diameter section across all trials) with the highest 

EC time. Cotton 2 was the second highest EC and pollen count (1.6-5.6 particles per 3/4” 

diameter section across all trials) out of the fabric softener treated fabric samples. The 

heaviest of the cotton fabrics (C3) had the highest EC time and the lowest pollen count 

(1.8-5.6 particles per 3/4” diameter section across all trials). Refer to Table Af.1a. 
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Table Af.1b Nylon fabric samples’ EC times with nylon rubbing cloth, ranked highest to lowest with 

average pollen count across all trials 
Untreated Acid Treated 

Fabric 

Warp 

EC ± 

SD 

 

Avg. PC ± SD 

Fabric 

Warp 

EC 

± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 
2m

g 

N3 
>600 ± 

0 

17.8 

±5.7 
19.6 ± 8.4 12.2 ± 2.6 

10.4 

± 2.4 
N3 

485.7 ± 

13.75 

4.6 ± 

2.3 
4.8 ± 5.9 3.4 ± 1.1 

2 ± 

0.7 

N2 
497.3 ± 

11.36 

32.6 ± 

8.3 
15 ± 7.6 11.6 ± 2.6 

10.6 

± 2.1 
N2 

316.2 ± 

13.57 

12.6 ± 

7.1 
5.8 ± 1.6 2 ± 2.6 

3 ± 

1.6 

N1 
124.2 ± 

6.02 

14 ± 

3.1 
13.4 ± 5.4 10.8 ± 3.7 

13.4 

± 2.8 
N1 

115.8 ± 

115.8 

1.8 ± 

1.8 
5 ± 4.1 3.8 ± 1.9 

2.2 

± 

1.3 

Basic Treated Fabric Softener Treated 

Fabric 

Warp 

EC ± 

SD 

 

Avg. PC ± SD 

Fabric 

Warp 

EC ± 

SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 
2m

g 

N3 
476.5 ± 

14.88 

4.4 ± 

3.4 
9 ± 5.8 2.6 ± 1.14 

2.4 ± 

1.1 
N2 

313.1 ± 

11.52 

12.8 ± 

4.9 
7.8 ± 3.0 3 ± 2.0 

3.6 

± 

1.5 

N2 
254.2 ± 

14.75 

8.4 ± 

8.5 
3.8 ± 1.8 2.8 ± 0.8 

1.8 ± 

0.8 
N3 

301.5 ± 

7.73 

8 ± 

5.6 
11 ± 3.2 6 ± 2.0 

3.2 

± 

1.6 

N1 
155.1 ± 

7.05 

5 ± 

8.5 
4.6 ± 3.65 3 ± 1.0 

2.6 ± 

1.1 
N1 

119.7 ± 

5.23 

9.4 ± 

3.4 
6 ± 1.6 5 ± 1.6 

4.2 

± 

1.3 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

 For the untreated nylon fabric samples, the heaviest sample (N1 – see Fabric 

Parameters Table 4.1) had the least amount of pollen (10.8-14 particles per 3/4” diameter 

section across all trials) and the lowest EC time of the group. The second heaviest out of 

the group (N3) had the second highest rate of attached pollen (10.4-19.6 particles per 3/4” 

diameter section across all trials) and the highest EC time. Nylon 2 is the lightest out of 

the fabric samples and had the highest value for attached pollen (10.6-32.6 particles per 

3/4” diameter section across all trials) and the second highest EC time. Refer to Table 

Af.1b.  
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 Nylon fabric samples treated with acidic acid (vinegar) had lower EC times and 

pollen counts compared to the untreated group. The heaviest fabric (N1) had the second 

highest amount of attached pollen (1.8-5 particles per 3/4” diameter section across all 

trials) and had the lowest EC time. The second heaviest fabric (N3) had the lowest 

amount of attached pollen (2-4.8 particles per 3/4” diameter section across all trials) and 

had the highest EC time. The lightest fabric (N2) had the second highest EC and the 

greatest amount of attached pollen (2-12.6 particles per 3/4” diameter section across all 

trials). Refer to Table Af.1b. 

 The basic (ammonia) treatment on nylon fabric samples resulted in similar pollen 

counts as shown in the acidic acid (vinegar) treatment. Nylon 2 the lightest of the fabrics, 

had the second highest EC time and the second highest pollen count (1.8-8.4 particles per 

3/4” diameter section across all trials). The heaviest fabric (N1) had the lowest EC time 

and the lowest pollen count (2.4-5 particles per 3/4” diameter section across all trials). 

Nylon 3 had the highest EC and pollen count (2.4-9 particles per 3/4” diameter section 

across all trials) of the treatment group. Refer to Table Af.1b. 

Nylon fabric samples treated with fabric softener resulted in the second highest 

pollen count after the untreated group. The second heaviest fabric (N3) had the second 

highest amount of attached pollen (3.2-11 particles per 3/4” diameter section across all 

trials) with the second highest EC time. Nylon 2 the lightest of the fabrics, had the 

highest EC and highest pollen count (3-12.8 particles per 3/4” diameter section across all 

trials). The heaviest of the nylon fabrics (N1) had the lowest EC time and the lowest 
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pollen count (4.2-9.4 particles per 3/4” diameter section across all trials). Refer to Table 

Af.1b. 

 

Table Af.1c Polyester fabric samples’ EC times with nylon rubbing cloth, ranked highest to lowest with 

average pollen count across all trials 
Untreated Acid Treated 

Fabric 

Warp 

EC ± 

SD 

Avg. PC ± SD 
Fabric 

Warp 

EC 

± SD 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

P1 
>600 ± 

0 

9.4 ± 

9.2 
6.2 ± 4.0 5.6 ± 2.1 4.6 ± 2.1 P3 

518.7 ± 

12.97 

2.4± 

2.5 
1.6 ± 1.1 0.8 ± 0.8 

1.2 

± 

0.8 

P3 
594.6 

±5.07 

10.4 ± 

5.6 
8.8 ± 1.9 4.6 ± 2.5 3.2 ± 2.2 P1 

459.7 ± 

13.3 

1.4 ± 

1.3 
3.0 ± 1.6 1.0 ± 0.7 

1.2 

± 

1.3 

P2 
347.9 ± 

9.63 

6.4 ± 

4.4 
5.6 ± 2.1 4 ± 1.6 5.6 ± 2.1 P2 

309.8 ± 

15.02 

2.2± 

1.5 
2.2 ± 2.3 1.4 ± 1.3 

1.0  

± 

0.7 

Basic Treated Fabric Softener Treated 

Fabric 

Warp 

EC ± 

SD 

Avg. PC ± SD 
Fabric 

Warp 

EC ± 

SD 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

P1 
598.4 ± 

2.65 
17.6 ± 
10.4 

13.2 ± 5.9 8.8 ± 3.0 7.8 ± 3.7 P1 
11.5 ± 
0.87 

10.4 ± 
7.9 

7.6 ± 4.4 6.8 ± 2.6 
4 

.0± 

1.6 

P3 
457.3 ± 

10.83 

10.0 ± 

4.69 
5.6 ± 2.1 3.6 ± 1.1 5.2 ± 2.3 P3 

10.3 ± 

0.26 

10 ± 

2.4 
12.0  ± 1.3 3.8 ± 1.3 

7.0 

± 

1.1 

P2 
374 ± 

11.26 

11.0 ± 

9.2 
9.6 ± 4.2 5.2 ± 1.9 5.4 ± 2.1 P2 

6.9 ± 

1.04 

8.6 ± 

8.3 
5.8 ± 4.5 6.2 ± 2.9 

3.4 

± 

1.6 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

For the untreated polyester fabric samples, the heaviest (P1 – see Fabric 

Parameters Table 4.1) had the second highest amount of pollen (4.6-9.4 particles per 3/4” 

diameter section across all trials) and the highest EC time of the group. The second 

heaviest of the group (P2) had the lowest rate of attached pollen (4.0-6.4 particles per 

3/4” diameter section across all trials) and the lowest EC time. Polyester 3 is the lightest 

of the polyester fabrics and had the highest rate of attached pollen (3.2-10.4 particles per 
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3/4” diameter section across all trials) and the second highest EC time. Refer to Table 

Af.1c.  

 Polyester fabric samples treated with acidic acid (vinegar) had lower EC times 

than the untreated group and a lower pollen count. The heaviest fabric (P1) had the 

highest amount of attached pollen (1-3 particles per 3/4” diameter section across all 

trials) and was the second highest EC time. The second heaviest fabric (P2) had the 

lowest amount of attached pollen (1-2.2 particles per 3/4” diameter section across all 

trials) and was the lowest EC time. The lightest fabric (P3) had the highest EC and 

second highest amount of attached pollen (1-2.4 particles per 3/4” diameter section across 

all trials). Refer to Table Af.1c. 

The basic (ammonia) treatment on polyester fabric samples resulted in higher 

pollen counts than the untreated group and a decrease in EC time except polyester 2 

which increased in time. The lightest of the fabrics (P3) had the second highest EC time 

and the lowest pollen count (3-10 particles per 3/4” diameter section across all trials). 

The heaviest fabric (P1) had the highest EC time and the highest pollen count (7.8-17.6 

particles per 3/4” diameter section across all trials). Polyester 2 had the lowest EC and 

second highest pollen count of the group (5.2-11 particles per 3/4” diameter section 

across all trials). Refer to Table Af.1c. 

Polyester fabric samples treated with fabric softener produced similar pollen 

count averages as the untreated group but EC times reduced. The second heaviest fabric 

(P2) had the least amount of attached pollen (3.4-8.6 particles per 3/4” diameter section 

across all trials) with the lowest EC time. Polyester 3 the lightest of the fabrics, had the 
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second highest EC and the highest pollen count (3.8-12 particles per 3/4” diameter 

section across all trials). The heaviest of the polyester fabrics (P1) had the highest EC 

time and the second highest pollen count (4-10.4 particles per 3/4” diameter section 

across all trials). Refer to Table Af.1c. 

 

 

 

Table Af.1d Wool fabric samples’ EC times with nylon rubbing cloth, ranked highest to lowest with 

average pollen count across all trials 

Untreated Acid Treated 

Fabric 

Warp EC 

± SD 

 

Avg. PC ± SD 

Fabric 

Warp EC 

± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 
2m

g 

W1 35.5 ±7.24 
1.4 ± 

1.1 
2 ± 1.6 

1.2 ± 

0.8 

0.8 ± 

0.8 
W2 

13.9 ± 

3.21 

2.6 ± 

1.8 
2.8 ± 1.9 1.8 ± 1.8 

1.4 

± 

1.1 

W2 29.5 ± 6.2 2 ± 2.0 2.2 ± 1.5 
1.0 ± 

1.0 

1.4 ± 

1.3 
W1 8.7 ± 0.55 4 ± 3.2 3.6 ± 1.1 2.4 ± 0.9 

0.8 
± 

0.8 

W3 18.7 ± 3.0 
3.6 ± 
3.1 

2.8 ± 2.7 
1.6 ± 
1.1 

1.2 ± 
1.3 

W3 7.9 ± 1.65 
2.8 ± 
0.8 

2 ± 1.6 0.6 ± 0.9 
2 ± 
0.7 

Basic Treated Fabric Softener Treated 

Fabric 

Warp EC 

± SD 

 

Avg. PC ± SDw 

Fabric 

Warp EC 

± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 
2m

g 

W2 
37.5 ± 

5.38 
2 ± 1.6 3.4 ± 1.1 

1.8 ± 

1.3 

1.8 ± 

1.3 
W3 3.9 ± 1.55 

1.8 ± 

18 
2.4 ± 1.1 1.2 ± 0.8 

0.8 

± 

0.8 

W1 
30.1 ± 

1.83 
4 ± 2.0 3 ± 1.6 

1.6 ± 

1.1 

0.8 ± 

0.8 
W1 2.5 ± 0.15 

3.8 ± 

3.6 
1.6 ± 1.1 1.6 ± 1.1 

1 ± 

1.0 

W3 
15.8 ± 

2.75 

3.8 ± 

2.6 
1.6 ± 1.1 

1.2 ± 

0.8 

1.6 ± 

1.1 
W2 2.4 ± 0.32 

2.2 ± 

0.8 
2 ± 1.6 0.8 ± 0.8 

1.4 

± 

1.1 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

For the untreated wool fabric samples the heaviest (W3 – see Fabric Parameters 

Table 4.1) had the highest amount of pollen (1.2-3.6 particles per 3/4” diameter section 

across all trials) and the lowest EC time of the group. The second heaviest of the group 

(W2) had the second highest rate of attached pollen (1.2-2.2 particles per 3/4” diameter 
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section across all trials) and the second highest EC time. Wool1 is the lightest of the wool 

fabrics and had the lowest values for attached pollen (1-2 particles per 3/4” diameter 

section across all trials) and the highest EC time. Refer to Table Af.1d.  

 Wool fabric samples treated with acidic acid (vinegar) had lower EC times than 

untreated group with similar pollen counts. The heaviest fabric (W3) had the lowest 

amount of attached pollen (1-2.8 particles per 3/4” diameter section across all trials) and 

the lowest EC time. The second heaviest fabric (W2) had the second highest amount of 

attached pollen (1.4-2.8) and was the highest in EC time. The lightest fabric (W1) had the 

second highest EC and the highest amount of attached pollen (1-4 particles per 3/4” 

diameter section across all trials). Refer to Table Af.1d. 

The basic (ammonia) treatment on wool fabric samples resulted in similar pollen 

counts as shown in the acidic acid (vinegar) treatment and EC times similar to the 

untreated group. Wool 1 the lightest of the fabrics, had the second highest EC time and 

the highest pollen count (1-4 particles per 3/4” diameter section across all trials). The 

heaviest fabric (W3) had the lowest EC time and the second highest pollen count (1.2-3.8 

particles per 3/4” diameter section across all trials). Wool 2 had the highest EC time and 

the lowest pollen count of the group (1.8-3.4 particles per 3/4” diameter section across all 

trials). Refer to Table Af.1d. 

Wool fabric samples treated with fabric softener produced similar pollen count 

averages as the untreated group. However, EC times for all fabric samples were reduced 

in comparison to the other treatments. The second heaviest fabric (W2) had the lowest 

amount of attached pollen (1-2.2 particles per 3/4” diameter section across all trials) with 
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the lowest EC time. Wool 1 the lightest of the fabrics, had the second highest EC and the 

highest pollen count (1-3.8 particles per 3/4” diameter section across all trials). The 

heaviest of the wool fabrics (W3) had the highest EC time and the second highest pollen 

count (1-2.4 particles per 3/4” diameter section across all trials). Refer to Table Af.1d. 

 

In summary, there is no consistency in EC times collected for all fiber fabrics 

samples rubbed with nylon cloth with or without treatments. Results from the pollen 

exposure experiments show that each fabric group (i.e. cotton, wool, nylon and polyester) 

has both positive and negative relationships between EC times and pollen counts in each 

trial (i.e. 25mg, 10mg, 5mg, and 2mg) and some of the fabrics show both a positive and 

negative trend for the same treatment among different trials. Fabrics rubbed with nylon 

had 24 significant relationships between fabric samples’ EC and pollen count (positive 

and negative). Overall, there were 11 significant relationships between untreated fabrics’ 

EC and pollen count, 3 acidic acid (vinegar) treated fabrics’ EC and pollen count, 7 basic 

(ammonia) treated fabrics’ EC and pollen count, and 3 fabric softener treated fabrics’ EC 

and pollen count. There were a total of 13 positive relationships and 11 negative.  

Table Af.2 shows all fabric samples across all trials and treatments organized by 

weight (heavy, medium, light), electrostatic cling time (high, medium and low), and 

pollen count (high, medium, and low). Although the results did not show any consistent 

relationship between the EC times and pollen counts within each fiber fabric, when 

looking at the relationship between fabric parameters and the pollen counts within fabric 

weight groups, there appears to be a trend with medium and heavy weight fabrics having 
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lower EC and pollen count than the lighter fabrics which have high EC and pollen count 

across all trials and treatments. Possible disparities among the fibers electrostatic cling 

time and pollen count are discussed further at the end of the chapter. 

 

 

 
Table Af.2 Comparison of Fabric Weight to Electrostatic Charge with nylon rubbing fabric and Pollen Count 

Nylon Rubbing Cloth 

Weight/EC/PC Fabrics Total 

Heavy Weight 

  
Hv, LEC, LPC N1 x 4, W3  5 

Hv, HEC, LPC C3 x 2 2 

Hv, HEC, HPC P1 1 

Hv, MEC, HPC P1, C3x2 3 

Hv, HEC, MPC P1 x 2, W3 3 

Hv, LEC, HPC W3 x 2 2 

      

Medium Weight 

  
MHv, HEC, MPC N3  x 2, W2 3 

MHv, LEC, LPC P2 x 3 C2, W2 5 

MHv, LEC, HPC C2 1 

MHv, MEC, MPC C2, W2, N3 3 

MHv, LEC, MPC C2, P2 2 

MHv, HEC, HPC N3 1 

MHv, HEC, LPC W2 1 

      

Light Weight 

  
Lt, MEC, HPC N2 x2, P3 x 2, W1 x 2 6 

Lt, HEC, LPC C1, W1 2 

Lt, LEC, HPC C1  1 

Lt, MEC, MPC C1, N2, W1 3 

Lt, MEC, LPC P3  1 

Lt, HEC, MPC P3 1 

Lt, HEC, HPC C1, N2 2 

Key: Hv=heaviest, Lt=lightest, M=medium or second heaviest/highest, H=highest, L=lowest, EC=electrostatic charge, 

PC=pollen count. (Example Hv,LEC, HPC=heaviest fabric, lowest electrostatic charge, highest pollen count 
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Polyester Rubbing Cloth 
 

 

 

Discussion 

 

Table Af.3a Cotton fabric samples’ EC times with polyester rubbing cloth, ranked highest to lowest with 

average pollen count across all trials 
Untreated Acid Treated 

Fabric 
Warp 

EC ± SD 

Avg. PC ± SD 

Fabric 

Warp 

EC 

± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 
2m

g 

C1 
68.1 ± 

6.8 

10.8 ± 

3.7 

8.2 ± 

3.9 

5.2 ± 

1.6 

4.2 ± 

1.9 
C2 7 ± 0.9 

5.2 ± 

1.9 

2.4 ± 

3.1 

1.4 ± 

0.9 

1.2 
± 

1.3 

C3 
41.1 ± 

4.87 

6 ± 

3.5 

5.8 ± 

2.6 

4.4 ± 

1.8 
4 ± 1.4 C3 

5.4 ± 

1.82 
4 ± 1.8 

3.4 ± 

1.1 

1.6 ± 

1.5 

1.6 

± 

0.9 

C2 
9.1 ± 

3.13 

12 ± 

8.2 

8.2 ± 

6.0 
5 ± 3.2 

4.6 ± 

4.6 
C1 4.3 ± 1.0 1.4 ±1.3 3 ± 2.2 

2.4 ± 

1.1 

1.8 

± 

1.5 

Basic Treated Fabric Softener Treated 

Fabric 

Warp 

EC ± SD 

 

Avg. PC ± SD 

Fabric 

Warp 

EC ± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 
2m

g 

C1 
19.2 ± 

4.03 

3.6 ± 

1.5 

2.6 ± 

1.1 

1.4 ± 

0.9 

1.2 ± 

1.3 
C1 

3.7 ± 

0.55 

6.4 ± 

2.5 

5.2 ± 

1.9 

3.6 ± 

1.5 

3 ± 

1.6 

C3 
10.7 ± 

2.46 

2.6 ± 

1.1 
4 ± 1.6 2 ± 1.2 2 ± 1.0 C3 

3.2 ± 

0.37 

5.6 ± 

1.5 

3.6 ± 

1.1 

1.8 ± 

0.8 

2 ± 

1.6 

C2 
10.2 ± 

1.85 

1.2 ± 

0.8 

1.6 ± 

1.1 

1.4 ± 

1.1 
1 ± 1.0 C2 3 ± 0.79 3 ± 1.2 

5.6 ± 

2.0 

3.8 ± 

1.3 

1.6 

± 

1.1 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

For the untreated cotton fabric samples rubbed with polyester the heaviest (C3 – 

see Fabric Parameters Table 4.1) had the least amount of pollen (4-6 particles per 3/4” 

diameter section across all trials) and the second highest EC time of the group. The 

second heaviest of the group (C2) had the most attached pollen (4.6-12 particles per 3/4” 
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diameter section across all trials) and the lowest EC time. Cotton 1 has the second highest 

value for attached pollen (4.2-10.8 particles per 3/4” diameter section across all trials) 

and highest EC. Refer to Table Af.3a. 

 Cotton fabric samples treated with acidic acid (vinegar) had lower EC times and 

pollen counts compared to the untreated group. The heaviest fabric (C3) had the second 

highest amount of attached pollen (1.6-4 particles per 3/4” diameter section across all 

trials) and was the second highest EC time. The second heaviest fabric (C2) had the 

highest amount of attached pollen (1.2-5.2 particles per 3/4” diameter section across all 

trials) and was the highest EC time. The lightest fabric (C1) had the lowest EC and the 

least amount of attached pollen (1.4-3 particles per 3/4” diameter section across all trials). 

Refer to Table Af.3a. 

 The basic (ammonia) treatment on cotton fabric samples resulted in similar pollen 

counts as the acidic acid (vinegar) group but EC was second highest after the untreated 

group. Cotton 1 the lightest of the fabrics, had the highest EC time and the second highest 

pollen count (1.2-3.6 particles per 3/4” diameter section across all trials). The heaviest 

fabric (C3) had the lowest EC time and the highest pollen count (2-4 particles per 3/4” 

diameter section across all trials). Cotton 2 had the lowest pollen count and EC (1-1.6 

particles per 3/4” diameter section across all trials) times out of the fabric samples in the 

group. Refer to Table Af.3a.  

 For the final treatment on cotton fabric samples, fabric softener raised the amount 

of attached pollen and decreased the fabric samples’ EC time. The lightest fabric (C1) 

had the greatest amount of attached pollen (3-6.4 particles per 3/4” diameter section 
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across all trials) with the highest EC time. Cotton 2 was the lowest EC and second 

highest pollen count (1.6-5.6  particles per 3/4” diameter section across all trials) out of 

the fabric softener treated fabric samples. The heaviest of the cotton fabrics (C3) has the 

second highest EC time and the lowest pollen count (1.8-5.6). Refer to Table Af.3a. 

 
Table Af.3b Nylon fabric samples’ EC times with polyester rubbing cloth, ranked highest to lowest with 

average pollen count across all trials 
Untreated Acid Treated 

Fabric 

Warp 

EC ± 

SD 

 

Avg. PC ± SD 
Fabric 

Warp 

EC 

± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

N1 
>600 

± 0 
14 ± 3.1 

13.4 ± 

5.4 

10.8 ± 

3.7 

13.4 ± 

2.8 
N1 

473.7 ± 

6.88 

1.8 ± 

1.8 

5 ± 

4.1 

3.8 ± 

1.9 
2 ± 1.6 

N3 

480.2 

± 

11.13 

17.8 ±5.7 
19.6 ± 

8.4 

12.2 ± 

2.6 

10.4 ± 

2.4 
N2 

355.9 ± 

13.75 

12.6 ± 

7.1 

5.8 ± 

1.6 

2 ± 

2.6 
3 ± 1.6 

N2 

468.4 

± 

13.69 

32.6 ± 

8.3 
15 ± 7.6 

11.6 ± 

2.6 

10.6 ± 

2.1 
N3 

329.3 ± 

10.63 

 

4.6 ± 

2.3 

4.8 ± 

5.9 

3.4 ± 

1.1 
2 ± 0.7 

Basic Treated Fabric Softener Treated 

Fabric 

Warp 

EC ± 

SD 

 

Avg. PC ± SD 
Fabric 

Warp 

EC ± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

N1 
>600 

± 0 
5 ± 8.5 

4.6 ± 

3.65 
3 ± 1.0 2.4 ± 1.1 N1 

21.6 ± 

1.25 

 

9.4 ± 

3.4 

6 ± 

1.6 

5 ± 

1.6 

4.2 ± 

1.3 

N3 
>600 

± 0 
4.4 ± 3.4 9 ± 5.8 

2.6 ± 

1.14 
2.4 ± 1.1 N3 

20.5 ± 

1.25 
8 ± 5.6 

11 ± 

3.2 

6 ± 

2.0 

3.2 ± 

1.6 

N2 
590.6 

± 8.15 
8.4 ± 8.5 

3.8 ± 

1.8 
2.8 ± 0.8 1.8 ± 0.8 N2 

8.7 ± 

1.30 

12.8 ± 

4.9 

7.6 ± 

3.4 

3 ± 

2.0 

3.4 ± 

1.7 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

For untreated nylon fabric samples rubbed with polyester the heaviest (N1 – see 

Fabric Parameters Table 4.1) had the least amount of pollen (10.8-14 particles per 3/4” 

diameter section across all trials) and the highest EC time of the group. The second 

heaviest out of the group (N3) had the second highest rate of attached pollen (10.4-19.6 
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particles per 3/4” diameter section across all trials) and the second highest EC time. 

Nylon 2 is the lightest of the nylon fabrics and has the highest value for attached pollen 

(10.6-32.6 particles per 3/4” diameter section across all trials) and the lowest EC time. 

Refer to Table Af.3b. 

 In the acidic acid (vinegar) treatment, the heaviest fabric (N1) had the least 

amount of attached pollen (1.8-5 particles per 3/4” diameter section across all trials) and 

was the highest EC time. The second heaviest fabric (N3) had the second highest amount 

of attached pollen (2-4.8 particles per 3/4” diameter section across all trials) and was the 

lowest EC time. The lightest fabric (N2) had the second highest EC and the greatest 

amount of attached pollen (2-12.6 particles per 3/4” diameter section across all trials). 

Refer to Table Af.3b. 

 For the basic (ammonia) treatment, nylon 2 the lightest of the fabrics, had the 

lowest EC time and the second highest pollen count (1.8-8.4 particles per 3/4” diameter 

section across all trials). The heaviest fabric (N1) had the highest EC time and the lowest 

pollen count (2.4-5 particles per 3/4” diameter section across all trials). Nylon 3 had the 

second highest EC and highest pollen count (2.4-9 particles per 3/4” diameter section 

across all trials) of the group. Refer to Table Af.3b. 

Nylon fabric samples treated with fabric softener resulted in the third highest 

pollen count after the untreated group and acidic acid (vinegar) groups. The second 

heaviest fabric (N3) had the second highest amount of attached pollen (3.2-11 particles 

per 3/4” diameter section across all trials) with the second highest EC time. Nylon 2 the 

lightest of the fabrics, had the highest EC and the highest pollen count (3-12.8 particles 
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per 3/4” diameter section across all trials). The heaviest of the nylon fabrics (N1) had the 

highest EC time and the lowest pollen count (4.2-9.4 particles per 3/4” diameter section 

across all trials). Refer to Af.3b. 

 
Table Af.3c Polyester fabric samples’ EC times with polyester rubbing cloth, ranked highest to lowest with 

average pollen count across all trials 

Untreated Acid Treated 

Fabric 

Warp 

EC ± SD 

 

Avg. PC ± SD 
Fabri

c 

Warp 

EC 

± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

P3 
101.3 ± 

6.39 

10.4 ± 

5.6 

8.8 ± 

1.9 

4.6 ± 

2.5 

3.2 ± 

2.2 
P3 

21.8 ± 

1.72 

2.6 ± 

2.6 

1.6 ± 

1.1 

0.8 ± 

0.8 

1.2 ± 

0.8 

P2 
87 ± 

14.34 

6.4 ± 

4.4 

5.6 ± 

2.1 
4 ± 1.6 

5.6 ± 

2.1 
P1 

16.4 ± 

2.61 

1.4 ± 

1.3 

3 ± 

1.6 

0.8 ± 

0.8 

1.2 ± 

1.3 

P1 
48.9 ± 

3.11 

9.4 ± 

9.2 

6.2 ± 

4.0 

5.6 ± 

2.1 

4.6 ± 

2.1 
P2 

11.9 ± 

1.65 

2.4 ± 

1.5 

2.4 ± 

2.3 

1.4 ± 

1.3 

1 ± 

0.7 

Basic Treated Fabric Softener Treated 

Fabric 
Warp 

EC ± SD 
Avg. PC ± SD 

Fabri

c 

Warp 

EC ± SD 

 

Avg. PC ± SD 

  
25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

P1 
466.7 ± 

11.33 

17.6 ± 

10.4 

13.2 ± 

5.9 

8.8 ± 

3.0 

7.8 ± 

3.7 
P1 6.9 ± 0.7 

10.4 ± 

7.9 

7.6 ± 

4.4 

6.8 ± 

2.6 

4 ± 

1.6 

P3 
365.2 ± 

13.88 

10 ± 

4.69 

5.6 ± 

2.1 
3 ± 1.0 

5.2 ± 

2.3 
P3 

6.8 ± 

0.35 
10 ± 2.4 

12 ± 

1.3 

3.8 ± 

1.3 

7 ± 

1.1 

P2 
173.3 ± 

11.5 

11 ± 

9.2 

9.6 ± 

4.2 

5.2 ± 

1.9 

5.2 ± 

2.4 
P2 

5.9 ± 

1.12 

8.6 ± 

8.3 

5.8 ± 

4.5 

6.2 ± 

2.9 

3.4 ± 

1.6 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 locations 

 

 The untreated polyester fabric samples rubbed with polyester resulted in the 

heaviest (P1-see Fabric Parameters Table 4.1) fabric sample having the second highest 

amount of attached pollen (4.6-9.4 particles per 3/4” diameter section across all trials) 

and the lowest EC time of the group. The second heaviest of the group (P2) had the 

lowest rate of attached pollen (4-6.4 particles per 3/4” diameter section across all trials) 

and the second highest EC time. Polyester 3 had the highest rate of attached pollen (3.2-
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10.4 particles per 3/4” diameter section across all trials) and the highest EC time. Refer to 

Table Af.3c. 

 Polyester fabric samples treated with acidic acid (vinegar) resulted in a decreased 

EC and pollen count compared to the untreated group. The heaviest fabric (P1) had the 

highest amount of attached pollen (1-3 particles per 3/4” diameter section across all 

trials) and was the second highest EC time. The second heaviest fabric (P2) had the least 

amount of attached pollen (1-2.4 particles per 3/4” diameter section across all trials) and 

was the lowest EC time. The lightest fabric (P3) had the highest EC and the second 

highest amount of attached pollen (1-2.6 particles per 3/4” diameter section across all 

trials). Refer to Table Af.3c. 

The basic (ammonia) treatment on polyester fabric samples resulted in higher EC 

times and pollen counts than the untreated group. Polyester 3 the lightest of the fabrics, 

had the second highest EC time and the lowest pollen count (3-10 particles per 3/4” 

diameter section across all trials). The heaviest fabric (P1) had the highest EC time and 

the highest pollen count (7.8-17.6 particles per 3/4” diameter section across all trials). 

Polyester 2 had the lowest EC and the second highest pollen count (5.2-11 particles per 

3/4” diameter section across all trials) of the group. Refer to Table Af.3c. 

Polyester fabric samples treated with fabric softener produced similar pollen 

count averages as shown in the untreated group but had lower EC times. The second 

heaviest fabric (P2) had the least amount of attached pollen (3.4-8.6 particles per 3/4” 

diameter section across all trials) with the lowest EC time. Polyester 3 the lightest of the 

fabrics, had the second highest EC and the highest pollen count (3.8-12 particles per 3/4” 
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diameter section across all trials). The heaviest of the polyester fabrics (P1) had the 

highest EC time and the second highest pollen count (4-10.4 particles per 3/4” diameter 

section across all trials).  Refer to Table Af.3c. 

 
Table Af.3d Wool fabric samples’ EC times with polyester rubbing cloth, ranked highest to lowest with 

average pollen count across all trials 

Untreated Acid Treated 

Fabric 
Warp EC 

± SD 
Avg. PC ± SD Fabric 

Warp 

EC 

± SD 

Avg. PC ± SD 

  
25mg 10mg 5mg 2mg  

 
25mg 10mg 5mg 2mg 

Wool 

2 

67.8 ± 

13.71 
2 ± 2.0 

2.2 ± 

1.5 

1.2 ± 

1.3 

1.4 ± 

1.3 
3 7 ± 1.43 

2.8 ± 

0.8 
2 ± 1.6 1 ± 0.7 

2 ± 

0.7 

Wool 

3 

59.9 ± 

2.32 

3.6 ± 

3.1 

2.8 ± 

2.7 

1.6 ± 

1.1 

1.2 ± 

1.3 
1 

6.6 ± 

0.83 
4 ± 3.2 

3.6 ± 

1.1 

2.4 ± 

0.9 

0.8 ± 

0.8 

Wool 

1 
55.2 ± 1.9 

1.4 ± 

1.1 

2 ± 

1.6 

1.2 ± 

0.8 

0.8 ± 

0.8 
2 

6.5 ± 

0.87 

2.6 ± 

1.8 

2.8 ± 

1.9 

1.8 ± 

1.8 

1.4 ± 

1.1 

Basic Treated Fabric Softener Treated 

Fabric 

Warp EC 

± SD 

 

Avg. PC ± SD 
Fabric 

Warp 

EC ± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

Wool 

3 

69.6 ± 

11.04 

3.8 ± 

2.6 

1.6 ± 

1.1 

1.2 ± 

0.8 

1.6 ± 

1.1 
3 

6.8 ± 

0.43 
1.8 ± 18 

2.4 ± 

1.1 

1.2 ± 

0.8 

0.8 ± 

0.8 

Wool 

2 

67.2 ± 

12.77 
2 ± 1.6 

3.4 ± 

1.1 

1.8 ± 

1.3 

1.8 ± 

1.3 
2 

5.2 ± 

0.43 

2.2 ± 

0.8 
2 ± 1.6 

0.8 ± 

0.8 

1.4 ± 

1.1 

Wool 

1 

57.8 ± 

0.62 
4 ± 2.0 

3 ± 

1.6 

1.6 ± 

1.1 

0.8 ± 

0.8 
1 

3.6 ± 

0.85 

3.8 ± 

3.6 

1.6 ± 

1.1 

1.6 ± 

1.1 

1 ± 

1.0 

Key: warp in seconds, EC (electrostatic cling), PC (pollen count) averaged across 5 

 

 

For the untreated wool fabric samples rubbed with polyester the heaviest (W3-see 

Fabric Parameters Table 4.1) had the highest amount of pollen (1.2-3.6 particles per 3/4” 

diameter section across all trials) and the second highest EC of the group. The second 

heaviest of the group (W2) had the second highest rate of attached pollen (2.2-2.2 
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particles per 3/4” diameter section across all trials) and the highest EC time. Wool1 had 

the lowest values for both attached pollen (1-2 particles per 3/4” diameter section across 

all trials) and EC time. Refer to Table Af.3d.  

 Wool fabric samples treated with acidic acid (vinegar) had lower EC times than 

the untreated group but higher average pollen counts. The heaviest fabric (W3) had the 

lowest amount of attached pollen (1-2.8 particles per 3/4” diameter section across all 

trials) and the second highest EC time. The second heaviest fabric (W2) had the second 

highest amount of attached pollen (1.4-2.8 particles per 3/4” diameter section across all 

trials) and was the lowest EC time. The lightest fabric (W1) had the second highest EC 

and the highest amount of attached pollen (1-4 particles per 3/4” diameter section across 

all trials). Refer to Table Af.3d. 

The basic (ammonia) treatment on wool fabric samples resulted in similar pollen 

counts as shown in the acidic acid (vinegar) treatment and EC times similar to the 

untreated group. Wool 1 the lightest of the fabrics, had the lowest EC time and the 

highest pollen count (1-4 particles per 3/4” diameter section across all trials). The 

heaviest fabric (W3) had the highest EC time and the second highest pollen count (1.2-

3.8 particles per 3/4” diameter section across all trials). Wool 2 had the second highest 

EC time and the lowest pollen count (1.8-3.4 particles per 3/4” diameter section across all 

trials) of the group. Refer to Table Af.3d. 

Wool fabric samples treated with fabric softener produced similar pollen count 

averages as shown in the untreated group. Electrostatic cling times for the fabric softener 

treatment were similar to the acidic acid (vinegar) treatment. The second heaviest fabric 
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(W2) had the lowest amount of attached pollen (1-2.2 particles per 3/4” diameter section 

across all trials) with the second highest EC time. Wool 1 the lightest of the fabrics, had 

the lowest EC and the highest pollen count (1-3.8 particles per 3/4” diameter section 

across all trials). The heaviest of the wool fabrics (W3) had the highest EC time and the 

second highest pollen count (1-2.4 particles per 3/4” diameter section across all trials). 

Refer to Table Af.3d. 

 

 

In summary, there is no consistency in EC times collected for all fiber fabric 

samples rubbed with polyester with or without treatments. In comparison to the 

electrostatic cling times of fabric samples rubbed with nylon, six fabrics (nylon 1, cotton 

1-3, and Wool 1-2) had higher EC times, four fabrics had lower EC times (nylon 3, and 

polyester 1-3), and two fabrics (n2 and w3) had two higher and two lower times when 

rubbed with polyester. Nylon 2, had higher times in both the acidic acid (vinegar) and 

basic (ammonia) treatment with lower EC times in the untreated and fabric softener 

groups. Wool 3, had higher EC times in the untreated group and the basic (ammonia) 

treatment with lower times in the acidic acid (vinegar) and fabric softener treatments.  

A potential explanation for the nylon, cotton, and wool fabric samples having 

increased EC times with the polyester rubbing fabric test is that the positively charged 

fabrics (nylon, cotton, wool) rubbed with the negatively charged polyester fabric may 

have resulted in longer electrostatic cling times. This same phenomena potentially 
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explains why a negative polyester fabric sample rubbed with a negative polyester rubbing 

cloth resulted in decreased electrostatic cling times.  

Results from the pollen exposure experiments showed that each fabric group had 

both positive and negative relationships between EC times and pollen counts in each trial 

and some of the fabrics showed both a positive and negative trend for the same treatment. 

Fabrics rubbed with polyester had 21 significant relationships between fabric samples’ 

EC and pollen count (positive and negative). Overall, there were 4 significant 

relationships between untreated fabrics’ EC and pollen count, 7 acidic acid (vinegar) 

treated fabrics’ EC and pollen count, 3 basic (ammonia) treated fabrics’ EC and pollen 

count, and 7 fabric softener treated fabrics’ EC and pollen count. There were a total of 12 

positive relationships and 9 negative relationships.   

Table Af.4 shows all fabric samples across all trials and treatments organized by 

weight (heavy, medium, light), electrostatic cling time (high, medium and low), and 

pollen count (high, medium, and low). Although the results did not show any consistent 

relationship between the EC times and pollen counts within each fiber fabric, when 

looking at the relationship between the fabric weight and pollen count within the fabric 

weight groups, there appears to be a trend with heavy fabric samples having high EC and 

the low pollen count while medium weight fabrics have low EC and the second highest 

pollen count. In addition, the majority of light weight fabrics tend to have a medium to 

high pollen count but range from low to high in electrostatic cling time.  
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Table Af.4 Comparison of Fabric Weight to Electrostatic Charge with polyester rubbing fabric and Pollen Count 

Polyester Rubbing Cloth 

Weight/EC/PC Fabrics Total 

Heavy Weight 

  
Hv, HEC, LPC N1 x4 4 

Hv, MEC, LPC C3 x 2, W3 3 

Hv, MEC, HPC W3, P1 2 

Hv, LEC, HPC C3 1 

Hv, HEC, HPC P1 1 

Hv, MEC, MPC C3 1 

Hv, HEC, MPC P1, W3 x 2 3 

Hv, LEC, MPC P1 1 

      

Medium Weight 
  

MHv, LEC, HPC C2 1 

MHv, MEC, MPC N3 x 2 2 

MHv, LEC, MPC C2, N3, P2, W2 4 

MHv, HEC, MPC W2 1 

MHv, LEC, LPC C2, P2 x 2 3 

MHv, HEC, HPC C2, N3 2 

MHv, MEC, LPC P2, W2 x 2 3 

      

Light Weight 

  
Lt, LEC, HPC N2, W1 x2 3 

Lt, MEC, HPC N2, P3, W1 3 

Lt, HEC, MPC C1 x 2, P3 3 

Lt, LEC, LPC C1, W1 2 

Lt, HEC, HPC C1, N2, P3 3 

Lt, LEC, MPC N2 1 

Lt, MEC, LPC P3 1 

Key: Hv=heaviest, Lt=lightest, M=medium or second heaviest/highest, H=highest, L=lowest, EC=electrostatic charge, 

PC=pollen count. (Example Hv,LEC, HPC=heaviest fabric, lowest electrostatic charge, highest pollen count) 
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Relationship between Electrostatic Cling and Pollen Attraction Across Fiber 

 

In this section, the relationship between fabric electrostatic cling time and 25mg, 

10mg, and 2mg pollen counts across each fiber type were presented. Tables Af.5a and 

Af.5b show the results of the fiber groups average pollen count across the fabric samples 

and the fabric sample warp electrostatic cling time averaged across the fabric samples. 

Electrostatic cling time ranking was established by averaging over the 9 values for each 

fiber fabric group (3 fabrics x 3 EC times) creating a single number for that fiber group. 

Pollen count ranking was established by averaging over the 15 values for each fiber 

fabric group (3 fabrics x 5 pollen count locations) creating a single number for the fiber 

group.  

 

 

Nylon rubbing cloth 

 

Untreated     For the untreated group the fiber type average for Electrostatic cling 

time resulted in polyester fabric swatches being the highest followed by nylon, wool, and 

cotton. In comparison, the fiber group average for pollen count in the 25mg and 10mg 

trials resulted in nylon fabric samples having the highest overall pollen count followed by 

cotton, polyester, and wool. For the 2mg trial, nylon had the highest fiber group average 

followed by polyester, cotton, and wool. In this trial, cotton fabric samples had a higher 

average pollen count than the polyester samples. Refer to Table Af.5a. 
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Acid     For the acidic acid (vinegar) treated fiber groups polyester had the highest 

average electrostatic cling time followed by nylon, wool, and cotton fabric samples. In 

comparison, the average pollen count across the fiber groups resulted in nylon having the  

highest pollen count followed by cotton, wool, and polyester for all trials. Refer to Table 

Af.5a. 

Basic     Across fabric samples treated with basic (ammonia) resulted in polyester 

samples having the highest electrostatic cling time followed by nylon, cotton, and wool. 

For the 25mg trial, polyester fabric samples had the highest pollen count followed by 

nylon, wool, and cotton. The 10mg and 2mg trials resulted in the same order for highest 

to lowest pollen count with polyester, nylon, cotton, and wool. This is the first of the 

trials and treatments where the ranking of electrostatic cling time and pollen count is the 

same across the fiber types. Refer to Table Af.5a. 

Fabric Softener     Fabric samples treated with fabric softener resulted in nylon 

having the highest average electrostatic cling time followed by polyester, cotton, and 

wool. In comparison, the 25mg trial resulted in the same order of fabric samples from 

high to low pollen count as the electrostatic cling time group with nylon, polyester, 

cotton, and wool. For the 10mg and 2mg trials, the ranking order changed to polyester, 

nylon, cotton, and wool for average pollen count across fibers.  Refer to Table Af.5a. 
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Table Af.5a Comparison across fiber electrostatic cling and pollen count ranking with nylon rubbing cloth 

Treatment 
Order  

(Highest to Lowest) 

Avg. EC  

Ranking 

(seconds) 

25mg Avg.  

PC Ranking 

10mg Avg.  

PC Ranking 

2mg Avg.  

PC Ranking 

Untreated 

1 Polyester (514.19) Nylon (21.47) Nylon (16.00) Nylon (11.47) 

2 Nylon (407.17) Cotton (9.60) Cotton (7.40) Polyester (4.47) 

3 Wool (27.93) Polyester (8.73) Polyester (6.87) Cotton (4.27) 

4 Cotton (12.86) Wool (2.33) Wool (2.33) Wool (1.13) 

Acid 

1 Polyester (429.44) Nylon (6.33) Nylon (5.20) Nylon (2.33) 

2 Nylon (305.94) Cotton (3.53) Cotton (2.93) Cotton (1.53) 

3 Wool (10.17) Wool (3.13) Wool (2.80) Wool (1.40) 

4 Cotton (5.71) Polyester (2.13) Polyester (2.33) Polyester (1.13) 

Basic 

1 Polyester (476.63) Polyester (12.87) Polyester (9.47) Polyester (6.07) 

2 Nylon (295.32) Nylon (5.93) Nylon (5.80) Nylon (2.20) 

3 Cotton (40.83) Wool (3.27) Cotton (2.73) Cotton (1.47) 

4 Wool (27.83) Cotton (2.47) Wool (2.67) Wool (1.40) 

Fabric Softener 

1 Nylon (244.8) Nylon (10.07) Polyester (8.47) Polyester (4.80) 

2 Polyester (9.61) Polyester (9.67) Nylon (8.20) Nylon (3.60) 

3 Cotton (4.92) Cotton (5.00) Cotton (4.80) Cotton (2.20) 

4 Wool (2.97) Wool (2.60) Wool (2.00) Wool (1.07) 
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Table Af.5b Comparison across fiber electrostatic cling and pollen count ranking with polyester rubbing cloth 

Treatment 
Order 

 (Highest to Lowest) 
Avg. EC Ranking 

25mg Avg.  

PC Ranking 

10mg Avg.  

PC Ranking 

2mg Avg.  

PC Ranking 

Untreated 

1 Nylon (516.22) Nylon (21.47) Nylon (16.00) Nylon (11.47) 

2 Polyester (79.08) Cotton (9.60) Cotton (7.40) Polyester (4.47) 

3 Wool (60.98) Polyester (8.73) Polyester (6.87) Cotton (4.27) 

4 Cotton (39.45) Wool (2.33) Wool (2.33) Wool (1.13) 

Acid 

1 Nylon (386.35) Nylon (6.33) Nylon (5.20) Nylon (2.33) 

2 Polyester (16.73) Cotton (3.53) Cotton (2.93) Cotton (1.53) 

3 Wool (6.74) Wool (3.13) Wool (2.80) Wool (1.40) 

4 Cotton (5.6) Polyester (2.13) Polyester (2.33) Polyester (1.13) 

Basic 

1 Nylon (596.86) Polyester (12.87) Polyester (9.47) Polyester (6.07) 

2 Polyester (335.08) Nylon (5.93) Nylon (5.80) Nylon (2.20) 

3 Wool (64.9) Wool (3.27) Cotton (2.73) Cotton (1.47) 

4 Cotton (13.42) Cotton (2.47) Wool (2.67) Wool (1.40) 

Fabric Softener 

1 Nylon (16.97) Nylon (10.07) Polyester (8.47) Polyester (4.80) 

2 Polyester (6.56) Polyester (9.67) Nylon (8.20) Nylon (3.60) 

3 Wool (5.22) Cotton (5.00) Cotton (4.80) Cotton (2.20) 

4 Cotton (3.31) Wool (2.60) Wool (2.00) Wool (1.07) 
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Polyester rubbing cloth 

 

Untreated     For the untreated group the fiber type average for Electrostatic cling 

time resulted in nylon fabric swatches being the highest followed by polyester, wool, and 

cotton. In comparison, the fiber type average for pollen count in the 25mg and 10mg 

trials resulted in nylon fabric samples having the highest overall pollen count followed by 

cotton, polyester, and wool. For the 2mg trial, nylon had the highest fiber type average 

followed by polyester, cotton, and wool. In this trial, cotton fabric samples had a higher 

average pollen count than the polyester samples. Refer to Table Af.5b. 

Acid     For the acidic acid (vinegar) treated fiber groups nylon had the highest 

average electrostatic cling time followed by polyester, wool, and cotton fabric samples. 

In comparison, the average pollen count across fiber types resulted in nylon having the 

highest pollen count followed by cotton, wool, and polyester for all trials. Refer to Table 

Af.5b. 

Basic     Across fabric samples treated with basic (ammonia) resulted in nylon 

samples having the highest electrostatic cling time followed by polyester, wool, and 

cotton. For the 25mg trial, polyester fabric samples had the highest pollen count followed 

by nylon, wool, and cotton. The 10mg and 2mg trials resulted in the same order for 

highest to lowest pollen count with polyester, nylon, cotton, and wool. Refer to Table 

Af.5b. 

Fabric Softener     Fabric samples treated with fabric softener resulted in nylon 

having the highest average electrostatic cling time followed by polyester, wool, and 
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cotton. In comparison, the 25mg trial resulted in the same order of fabric samples from 

high to low pollen count as the electrostatic cling time group with nylon, polyester, 

cotton, and wool. For the 10mg and 2mg trials, the ranking order changed to polyester, 

nylon, cotton, and wool for average pollen count across fibers.  Refer to Table Af.5b. 

 

Discussion 

 

 In summary, there is no consistent relationship between fabric samples’ 

electrostatic cling time and pollen count across fibers rubbed with nylon or polyester. 

Fabric samples rubbed with nylon cloth resulted in the basic (ammonia) and fabric 

softener treatments electrostatic cling time ranking order matching pollen count ranking 

orders. In the basic (ammonia) treatment EC ranking order matched the pollen count 

ranking in the 10mg and 2 mg trials. Fabric samples treated with fabric softener had a 

matching EC and pollen count ranking across fibers in the 25mg trial. Electrostatic cling 

time rankings for nylon rubbed fabric samples in the untreated and acidic acid (vinegar) 

treatment had polyester with the highest time followed by nylon, wool, and cotton. Fabric 

samples that were treated with basic (ammonia) resulted in a EC ranking of polyester, 

nylon, cotton, and wool. Fabric softener treated fabric samples resulted in the only group 

with nylon as the highest EC ranking followed by polyester, cotton, and wool.  

For the fabric swatches rubbed with the polyester cloth there were no matching 

electrostatic cling times to pollen count rankings. The electrostatic cling time across 
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fibers ranking order was the same for all treatments with nylon having the highest EC 

followed by polyester, wool, and cotton.  

 

 

Relationship between Electrostatic Cling and Pollen Attraction Across Fabric 

 

In this section, the relationship between fabric electrostatic cling time and the 

25mg, 10mg, and 2mg trial pollen counts across fabrics were presented. Tables Af.6a 

through Af.7c show the results of each individual fabric sample’s average warp 

electrostatic cling (EC) time in comparison to the fabric sample’s average pollen count 

ranking from highest to lowest.  

 

Nylon rubbing cloth 

 

Table Af.6a Electrostatic cling time and 25mg pollen count trial rankings across fabrics with nylon rubbing cloth  

Rank  
Untreated 

EC 

Untreated 

PC 25mg 

Acid 

EC 

Acid 

PC 25mg 

Basic 

EC  

Basic 

PC 25mg 

Fab. Soft. 

EC 

Fab. Soft. 

PC 25mg 

1 N3 (>600) N2 (32.6) P3 (518.7) N2 (12.6) P1 (598.4) P1 (17.6) N2 (313.1) N2 (12.8) 

2 P1 (>600) N3 (17.8) N3 (485.7) C2 (5.2) N3 (476.5) P2 (11.0) N3 (301.5) P1 (10.4) 

3 P3 (594.6) N1 (14.0) P1 (459.7) N3 (4.6) P3 (457.3) P3 (10.0) N1 (119.7) P3 (10.0) 

4 N2 (497.3) C2 (12.0) N2 (316.2) C3 (4.2) P2 (374.0) N2 (8.4) P1 (11.5) N1 (9.4) 

5 P2 (347.9) C1 (10.8) P2 (309.8) W1 (4.0) N2 (254.2) N1 (5.0) P3 (10.3) P2 (8.6) 

6 N1 (124.2) P3 (10.4) N1 (115.8) W3 (2.8) N1 (155.1) N3 (4.4) C1 (9.2) N3 (8.0) 

7 W1 (35.5) P1 (9.4) W2 (13.9) W2 (2.6) C1 (107.5) W1 (4.0) P2 (6.9) C1 (6.4) 

8 W2 (29.5) P2 (6.4) W1 (8.7) P3 (2.4) W2 (37.5) W3 (3.8) W3 (3.9) C3 (5.6) 

9 W3 (18.7) C3 (6.0) W3 (7.9) P2 (2.2) W1 (30.1) C1 (3.6) C2 (2.9) W1 (3.8) 

10 C3 (16.2) W3 (3.6) C1 (6.4) N1 (1.8) W3 (15.8) C3 (2.6) C3 (2.6) C2 (3.0) 

11 C1 (13.73) W2 (2.0) C3 (6.3) P1 (1.4) C3 (8.5) W2 (2.0) W1 (2.5) W2 (2.2) 

12 C2 (8.6) W1 (1.4) C2 (4.4) C1 (1.2) C2 (6.4) C2 (1.2) W2 (2.4) W3 (1.8) 

Key: Rank from high to low. EC value is in seconds, PC value is averaged across 5- ¾” diameter locations on fabric 

swatch 
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Table Af.6b Electrostatic cling time and 10mg pollen count trial rankings across fabrics with nylon rubbing cloth  

Rank 
Untreated 

EC 

Untreated 

PC 10mg 

Acid 

EC 

Acid 

PC 10mg 

Basic 

EC 

Basic 

PC 10mg 

Fab. Soft. 

EC 

Fab.Soft.  

PC 10mg 

1 N3 (>600) N3 (19.6) P3 (518.7) N2 (5.8) P1 (598.4) P1 (13.2) N2 (313.1) P3 (12) 

2 P1 (>600) N2 (15.0) N3 (485.7) N1 (5.0) N3 (476.5) P2 (9.6) N3 (301.5) N3 (11.0) 

3 P3 (594.6) N1 (13.4) P1 (459.7) N3 (4.8) P3 (457.3) N3 (9.0) N1 (119.7) N2 (7.8) 

4 N2 (497.3) P3 (8.8) N2 (316.2) W1 (3.6) P2 (374.0) P3 (5.6) P1 (11.5) P1 (7.6) 

5 P2 (347.9) C1 (8.4) P2 (309.8) C3 (3.4) N2 (254.2) N1 (4.6) P3 (10.3) N1 (6.0) 

6 N1 (124.2) C2 (8.2) N1 (115.8) C1 (3.2) N1 (155.1) C3 (4.0) C1 (9.2) P2 (5.8) 

7 W1 (35.5) P1 (6.2) W2 (13.9) P1 (3.0) C1 (107.5) N2 (3.8) P2 (6.9) C2 (5.6) 

8 W2 (29.5) C3 (5.8) W1 (8.7) W2 (2.8) W2 (37.5) W2 (3.4) W3 (3.9) C1 (5.2) 

9 
W3 (18.7) P2 (5.6) W3 (7.9) C2 (2.4) W1 (30.1) W1 (3.0) C2 (2.9) C3 (3.6) 

10 C3 (16.2) W3  (2.8) C1 (6.4) P2 (2.2) W3 (15.8) C1 (2.6) C3 (2.6) W3 (2.4) 

11 C1 (13.73) W2 (2.2) C3 (6.3) W3 (2.0) C3 (8.5) C2 (1.6) W1 (2.5) W2 (2.0) 

12 C2 (8.6) W1 (2.0) C2 (4.4) P3 (1.6) C2 (6.4) W3 (1.6) W2 (2.4) W1 (1.6) 

Key: Rank from high to low. EC value is in seconds, PC value is averaged across 5- ¾” diameter locations on fabric 

swatch 

 

 

Table Af.6c Electrostatic cling time and 2mg pollen count trial rankings across fabrics with nylon rubbing cloth  

Rank 
Untreated 

EC 

Untreated 

PC 2mg 

Acid 

EC 

Acid 

PC 2mg 

Basic 

EC 

Basic 

PC 2mg 

Fab. Soft. 

EC 

Fab. Soft. 

PC 2mg 

1 N3 (>600) N1 (13.4) P3 (518.7) N2 (3.0) P1 (598.4) P1 (7.8) N2 (313.1) P3 (7.0) 

2 P1 (>600) N2 (10.6) N3 (485.7) N1 (2.2) N3 (476.5) P2 (5.4) N3 (301.5) N1 (4.2) 

3 P3 (594.6) N3 (10.4) P1 (459.7) N3 (2.0) P3 (457.3) P3 (5.2) N1 (119.7) P1 (4.0) 

4 N2 (497.3) P2 (5.6) N2 (316.2) W3 (2.0) P2 (374.0) N1 (2.6) P1 (11.5) N2 (3.6) 

5 P2 (347.9) P1 (4.6) P2 (309.8) C1 (1.8) N2 (254.2) N3 (2.4) P3 (10.3) P2 (3.4) 

6 N1 (124.2) C2 (4.4) N1 (115.8) C3 (1.6) N1 (155.1) C3 (2.0) C1 (9.2) N3 (3.2) 

7 
W1 (35.5) C1 (4.2) W2 (13.9) W2 (1.4) C1 (107.5) 

N2 (1.8)  
± 0.8 P2 (6.9) C1 (3.0) 

8 
W2 (29.5) C3 (4.0) W1 (8.7) 

P3 (1.2)  

± 0.8 W2 (37.5) 

W2 (1.8)  

± 1.3 W3 (3.9) C3 (2.0) 

9 
W3 (18.7) P3 (3.2) W3 (7.9) 

P1 (1.2)  
± 1.3 W1 (30.1) W3 (1.6) C2 (2.9) C2 (1.6) 

10 
C3 (16.2) W2 (1.4) C1 (6.4) 

C2 (1.2)  

± 1.6 W3 (15.8) C1 (1.2) C3 (2.6) W2 (1.4) 

11 C1 (13.73) W3 (1.2) C3 (6.3) P2 (1.0) C3 (8.5) C2 (1.0) W1 (2.5) W1 (1.0) 

12 C2 (8.6) W1 (0.8) C2 (4.4) W1 (0.8) C2 (6.4) W1 (0.8) W2 (2.4) W3 (0.8) 

Key: Rank from high to low. EC value is in seconds, PC value is averaged across 5- ¾” diameter locations on fabric 

swatch. Tied Fabric Swatches P1,P3, & C2 in the Acid trial and N2 & W2 in the Basic trial are ordered by lowest SD. 

 

 

 

 

 



256 
 

 

Discussion 

  

In the 25mg trial (refer to Table Af.6a), nylon and polyester fabric samples made 

up the first 6 rankings for EC time in the untreated, acidic acid (vinegar), and basic 

(ammonia) treatments. In addition, nylon and polyester fabric samples made up the first 6 

rankings for average pollen count in the basic (ammonia) and fabric softener treatments. 

For this trial, Polyester 1 had the same ranking for EC and PC (1) as well as Polyester 3 

was ranked 3rd for both EC and pollen count in the basic (ammonia) treatment. In 

addition, Nylon 2 that was treated with fabric softener resulted in a matching EC and PC 

ranking of first overall. Wool fabric samples had the most consistent groupings for EC 

and PC in the untreated, acidic acid (vinegar), and basic treatments. In this trial there 

were no matching rankings between fabric samples’ EC time and pollen count. Cotton 

fabric samples had a consistent EC time grouping for the untreated and acidic acid 

(vinegar) treatments while the basic (ammonia) and fabric softener treatment resulted in 

C1 having a higher than average EC time.  

 For the 10mg trial (refer to Table Af.6b), nylon and polyester fabric samples 

made up the first 6 rankings for EC time in the untreated, acidic acid (vinegar), and basic 

(ammonia) treatments. However, nylon and polyester fabric samples made up the first 6 

rankings for average pollen count only in the fabric softener treatment. In this trial, there 

were 6 matching EC and PC rankings: untreated Nylon 3 ranked first, basic (ammonia) 

treated Polyester 1 ranked first, basic (ammonia) treated Wool 2 (8th) and Wool 1 (9th), 

and fabric softener treated Nylon 3 (2nd) and Polyester 1 (4th). Nylon fabric samples had a 



257 
 

 

consistent grouping for pollen count in the untreated and acidic acid (vinegar) treatment. 

Wool fabric samples had a consistent grouping in both the untreated and fabric softener 

treatment. Cotton fabric samples displayed a consistent grouping for average pollen count 

in the fabric softener treatment. 

 For the 2mg trial (refer to Table Af.6c), untreated nylon, cotton, and wool fabric 

samples displayed consistent average pollen count groupings. In this trial, six fabric 

samples’ EC and pollen count had matching rankings: acidic acid (vinegar) treated Wool 

2 ranked 7th, basic (ammonia) treated Polyester 1 (1st) and Polyester 3 (3rd), Wool 2 

treated with basic (ammonia) ranked 8th, and Cotton 2 (9) and Wool 1 ranked (11) in the 

fabric softener treatment. Nylon fabric samples treated with acidic acid (vinegar) were 

the only fiber fabric group to have a consistent grouping in the trial. Acidic acid (vinegar) 

nylon EC times were ranked 2nd, 4th, and 6th while their counterparts were ranked from 1st 

to 3rd in average pollen count. Acidic acid (vinegar) treated Cotton 1 & 3 fabric samples 

were ranked 5th and 6th for average pollen count while Cotton 2, was 10th. In comparison, 

cotton fabric samples’ EC times were ranked from 10th to 12th. For the basic (ammonia) 

treatment, polyester fabric samples were grouped from 1st to 3rd in average pollen count 

while their EC time counterparts were ranked 1st, 3rd, and 4th.  

  

 

In summary, there is no apparent matching ranking order across fabrics rubbed 

with nylon rubbing cloth for electrostatic cling time and pollen count. For the 25mg trial 

fabric swatches had three instances of matching electrostatic cling time and pollen count. 
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In contrast, the 10mg and 2mg trials each had six matching ranks for electrostatic cling 

time and pollen count.  

 

 

Polyester rubbing cloth 

 

 

Table Af.7a Electrostatic cling time and 25mg pollen count trial rankings across fabrics with polyester rubbing cloth  

Rank 
Untreated 

EC 

Untreated 

PC 25mg 

Acid 

EC 

Acid 

PC 25mg 

Basic 

EC 

Basic 

PC 25mg 

Fab. Soft. 

EC 

Fab. Soft. 

PC 25mg 

1 N1 (>600) N2 (32.6) N1 (473.7) N2 (12.6) N1 (>600) P1 (17.6) N1 (21.6) N2 (12.8) 

2 N3 (480.2) N3 (17.8) N2 (355.9) C2 (5.2) N3 (>600) P2 (11) N3 (20.5) P1 (10.4) 

3 N2 (468.4) N1 (14) N3 (329.3) N3 (4.6) N2 (590.6) P3 (10) N2 (8.7) P3 (10) 

4 P3 (101.3) C2 (12) P3 (21.8) C3 (4) P1 (466.7) N2 (8.4) P1 (6.9) N1 (9.4) 

5 P2 (87.0) C1 (10.8) P1 (16.4) W1 (4) P3 (365.2) N1 (5) P3 (6.8) P2 (8.6) 

6 C1 (68.1) P3 (10.4) P2 (11.9) W3 (2.8) P2 (173.3) N3 (4.4) W3 (6.8) N3 (8) 

7 
W2 (67.8) P1 (9.4) 

C2 (7.0) 

± 0.9 W2 (2.6) W3 (69.6) W1 (4) P2 (5.9) C1 (6.4) 

8 
W3 (59.9) P2 (6.4) 

W3 (7.0) 

± 1.4 P3 (2.6) W2 (67.2) W3 (3.8) W2 (5.2) C3 (5.6) 

9 W1 (55.2) C3 (6) W1 (6.6) P2 (2.4) W1 (57.8) C1 (3.6) C1 (3.7) W1 (3.8) 

10 P1 (48.9) W3 (3.6) W2 (6.5) N1 (1.8) C1 (19.2) C3 (2.6) W1 (3.6) C2 (3) 

11 C3 (41.1) W2 (2) C3 (5.4) P1 (1.4) C3 (10.7) W2 (2) C3 (3.2) W2 (2.2) 

12 C2 (9.1) W1 (1.4) C1 (4.3) C1 (1.4) C2 (10.2) C2 (1.2) C2 (3.0) W3 (1.8) 

Key: Rank from high to low. EC value is in seconds, PC value is averaged across 5- ¾” diameter locations on fabric 

swatch. Tied EC times of C2 & W3 in the Acid trial are ordered by lowest SD. 
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Table Af.7b Electrostatic cling time and 10mg pollen count trial rankings across fabrics with polyester rubbing cloth  

Rank 
Untreated 

EC 

Untreated 

PC 10mg 

Acid 

EC 

Acid 

PC 10 

Basic 

EC 

Basic 

PC 10 

Fab. Soft. 

EC 

Fab. Soft. 

PC 10 

1 N1 (>600) N3 (19.6) N1 (473.7) N2 (5.8) N1 (>600) P1 (13.2) N1 (21.6) P3 (12) 

2 N3 (480.2) N2 (15.0) N2 (355.9) N1 (5.0) N3 (>600) P2 (9.6) N3 (20.5) N3 (11.0) 

3 N2 (468.4) N1 (13.4) N3 (329.3) N3 (4.8) N2 (590.6) N3 (9.0) N2 (8.7) N2 (7.8) 

4 P3 (101.3) P3 (8.8) P3 (21.8) W1 (3.6) P1 (466.7) P3 (5.6) P1 (6.9) P1 (7.6) 

5 P2 (87.0) C1 (8.4) P1 (16.4) C3 (3.4) P3 (365.2) N1 (4.6) P3 (6.8) N1 (6.0) 

6 C1 (68.1) C2 (8.2) P2 (11.9) C1 (3.2) P2 (173.3) C3 (4.0) W3 (6.8) P2 (5.8) 

7 
W2 (67.8) P1 (6.2) 

C2 (7.0) 

± 0.9 P1 (3.0) W3 (69.6) N2 (3.8) P2 (5.9) C2 (5.6) 

8 
W3 (59.9) C3 (5.8) 

W3 (7.0) 

± 1.4 W2 (2.8) W2 (67.2) W2 (3.4) W2 (5.2) C1 (5.2) 

9 W1 (55.2) P2 (5.6) W1 (6.6) C2 (2.4) W1 (57.8) W1 (3.0) C1 (3.7) C3 (3.6) 

10 P1 (48.9) W3  (2.8) W2 (6.5) P2 (2.2) C1 (19.2) C1 (2.6) W1 (3.6) W3 (2.4) 

11 C3 (41.1) W2 (2.2) C3 (5.4) W3 (2.0) C3 (10.7) C2 (1.6) C3 (3.2) W2 (2.0) 

12 C2 (9.1) W1 (2.0) C1 (4.3) P3 (1.6) C2 (10.2) W3 (1.6) C2 (3.0) W1 (1.6) 

Key: Rank from high to low. EC value is in seconds, PC value is averaged across 5- ¾” diameter locations on fabric 

swatch. Tied EC times of C2 & W3 in the Acid trial are ordered by lowest SD 

 

 

 

Table Af.7c Electrostatic cling time and 2mg pollen count trial rankings across fabrics with polyester rubbing cloth  

Rank 
Untreated 

EC 

Untreated 

PC 2mg 

Acid 

EC 

Acid 

PC 2mg 

Basic 

EC 

Basic 

PC 2mg 

Fab. Soft. 

EC 

Fab. Soft. 

PC 2mg 

1 N1 (>600) N1 (13.4) N1 (473.7) N2 (3.0) N1 (>600) P1 (7.8) N1 (21.6) P3 (7.0) 

2 N3 (480.2) N2 (10.6) N2 (355.9) N1 (2.2) N3 (>600) P2 (5.4) N3 (20.5) N1 (4.2) 

3 N2 (468.4) N3 (10.4) N3 (329.3) N3 (2.0) N2 (590.6) P3 (5.2) N2 (8.7) P1 (4.0) 

4 P3 (101.3) P2 (5.6) P3 (21.8) W3 (2.0) P1 (466.7) N1 (2.6) P1 (6.9) N2 (3.6) 

5 P2 (87.0) P1 (4.6) P1 (16.4) C1 (1.8) P3 (365.2) N3 (2.4) P3 (6.8) P2 (3.4) 

6 C1 (68.1) C2 (4.4) P2 (11.9) C3 (1.6) P2 (173.3) C3 (2.0) W3 (6.8) N3 (3.2) 

7 
W2 (67.8) C1 (4.2) 

C2 (7.0) 

± 0.9 W2 (1.4) W3 (69.6) 

N2 (1.8) 

± 0.8 P2 (5.9) C1 (3.0) 

8 
W3 (59.9) C3 (4.0) 

W3 (7.0) 
± 1.4 

P3 (1.2) 
± 0.8 W2 (67.2) 

W2 (1.8) 
± 1.3 W2 (5.2) C3 (2.0) 

9 
W1 (55.2) P3 (3.2) W1 (6.6) 

P1 (1.2) 

± 1.3 W1 (57.8) W3 (1.6) C1 (3.7) C2 (1.6) 

10 
P1 (48.9) W2 (1.4) W2 (6.5) 

C2 (1.2) 

± 1.6 C1 (19.2) C1 (1.2) W1 (3.6) W2 (1.4) 

11 C3 (41.1) W3 (1.2) C3 (5.4) P2 (1.0) C3 (10.7) C2 (1.0) C3 (3.2) W1 (1.0) 

12 C2 (9.1) W1 (0.8) C1 (4.3) W1 (0.8) C2 (10.2) W1 (0.8) C2 (3.0) W3 (0.8) 

Key: Rank from high to low. EC value is in seconds, PC value is averaged across 5- ¾” diameter locations on fabric 

swatch. Tied EC times of C2 & W3 in the Acid trial are ordered by lowest SD. Tied Fabric Swatches P1,P3, & C2 in 

the Acid trial and N2 & W2 in the Basic trial are ordered by lowest SD. 
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Discussion  

 

In the 25mg trial (refer to Table Af.7a), nylon and polyester fabric samples 

rubbed with polyester made up the first 6 rankings for EC time in the acidic acid 

(vinegar) and basic (ammonia) treatments. In addition, nylon and polyester fabric 

samples made up the first 6 rankings for average pollen count in the basic (ammonia) and 

fabric softener treatments. In this trial, there were four matching rankings between fabric 

samples’ EC time and pollen count: untreated Nylon 3 ranked second, acidic acid 

(vinegar) treated Nylon 3 ranked third, acidic acid (vinegar) treated Cotton 1 ranked 12th, 

and basic (ammonia) treated Cotton 2 ranked 12th overall. Untreated nylon 3 was ranked 

second highest for average EC time and pollen count. Wool fabric samples had the most 

consistent groupings for EC and PC in the untreated, acidic acid (vinegar), and basic 

treatments.  

 For the 10mg trial (refer to Table Af.7b), there were eight matching EC times and 

pollen counts for the fabric samples. The untreated group had one match with Polyester 3 

ranked as 4th, acidic acid (vinegar) treated Nylon 3 was ranked 3rd, basic (ammonia) 

treated Wool 1 (8th), Wool 2 (9th), and Cotton 1 was ranked 10th, and the fabric softener 

treated samples of Nylon 3, Nylon 2, and Polyester 1 ranked from 2nd to 4th overall. 

Nylon fabric samples had a consistent grouping for pollen count in the untreated and 

acidic acid (vinegar) treatment. Polyester fabric samples displayed a consistent EC time 

grouping in both the acidic acid (vinegar) and the basic (ammonia) treatments. Wool 

fabric samples had a consistent EC grouping in both the untreated and fabric softener 
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treatment. Cotton fabric samples displayed a consistent grouping for average pollen count 

in the fabric softener treatment. 

 For the 2mg trial (refer to Table Af.7c), untreated nylon, cotton, and wool fabric 

samples display a consistent average pollen count grouping. In this trial, there were three 

matching rankings between fabric samples’ EC time and pollen count including: 

untreated Nylon 1 was ranked first, acidic acid (vinegar) treated Nylon 3 was third, and 

basic (ammonia) treated Wool 2 was ranked 8th overall. Nylon fabric samples treated 

with acidic acid (vinegar) were the only fiber fabric group to have a consistent pollen 

count grouping in this treatment. In contrast, EC times for acidic acid (vinegar) treated 

fabric samples show consistent groupings for nylon, polyester, and wool.  

 

In summary, there is no apparent matching ranking order across fabrics rubbed 

with polyester rubbing cloth for electrostatic cling time and pollen count. For the 25mg 

trial fabric swatches had four instances of matching electrostatic cling time and pollen 

count. The 10mg trial shows eight matching electrostatic cling and pollen count rankings 

for fabric samples. For the 2mg trail, three fabric samples had matching electrostatic 

cling time and pollen count rankings.  
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Moisture Regain Test Results 

 

 

In order to establish moisture regain rankings the ASTM D 2495-07 (2009) and D 

1576-90 (2008) tests were performed on the fabric samples.  Untreated and treated fabric 

samples were randomly tested between 30-36% relative humidity and 72-76 degrees 

Fahrenheit. The procedure is outlined in Chapter 3 Methods. The average moisture regain 

percentage for the fabric samples was used with pollen count for the regression analysis.  

The relationship between moisture regain and 25mg, 10mg, and 5mg pollen counts are 

discussed in the following sections: within fiber, across fiber, and across fabric.  
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Relationship between Moisture Regain and Pollen Attraction Within Fiber 

 

Table Af.8a Cotton fabric samples’ MR ranked highest to lowest with average pollen count across all trials 

Untreated Acid Treated 

Fabric 

MR (%) 

± SD 

 

Avg. PC ± SD 
Fabric 

MR 

(%) ± 

SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

C3 
8.31 ± 

0.41 

6 ± 

3.5 

5.8 ± 

2.6 

4.4 ± 

1.8 
4 ± 1.4 C3 

8.82 ± 

0.21 

4.2 ± 

0.8 

3.4 ± 

1.1 

1.6 ± 

1.5 

1.6 ± 

0.9 

C2 
8.07 ± 

0.42 

12 ± 

8.2 

8.2 ± 

6.0 
5 ± 3.2 

4.4 ± 

2.7 
C2 

8.51 ± 

0.21 

5.2 ± 

1.9 

2.4 ± 

3.1 

1.2 ± 

0.8 

1.2 ± 

1.3 

C1 
7.36 ± 
0.20 

10.8 
± 3.7 

8.4 ± 
3.9 

5.2 ± 
1.3 

4.2 ± 
1.9 

C1 
7.94 ± 
0.27 

1.2 ±1.0 
3.2 ± 
1.9 

2.2 ± 
1.5 

1.8 ± 
1.5 

Basic Treated Fabric Softener Treated 

Fabric 

MR (%) 

± SD 

 

Avg. PC ± SD 
Fabric 

MR 

(%) ± 

SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

C3 
8.80 ± 

0.20 

2.6 ± 

1.1 
4 ± 1.6 2 ± 1.2 2 ± 1.0 C3 

7.27 ± 

0.04 

5.6 ± 

1.5 

3.6 ± 

1.1 

1.8 ± 

0.8 

2 ± 

1.6 

C2 
8.73 ± 

0.26 

1.2 ± 

0.8 

1.6 ± 

1.1 

1.4 ± 

1.1 
1 ± 1.0 C2 

7.12 ± 

0.06 
3 ± 1.2 

5.6 ± 

2.0 

4.0 ± 

1.0 

1.6 ± 

1.1 

C1 
8.51 ± 

0.21 

3.6 ± 

1.5 

2.6 ± 

1.1 

1.4 ± 

0.9 

1.2 ± 

1.3 
C1 

7.11 ± 

0.10 

6.4 ± 

2.5 

5.2 ± 

1.9 

3.6 ± 

1.5 

3 ± 

1.6 

Key: MR (moisture regain), PC (pollen count) averaged across 5 locations 

 

For the untreated cotton fabric samples, among the three fabrics, the one that was 

heaviest, had the highest MR of the group (C3 – see Fabric Parameters Table 4.1) and the 

least amount of pollen ranging from 4-6 particles per 3/4” diameter section across all 

trials. The second heaviest of the group (C2) had the most attached pollen (4.4-12 

particles per 3/4” diameter section across all trials across all trials) and the second highest 

moisture regain. Cotton 1 had the second highest values for attached pollen (4.2-10.8 
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particles per 3/4” diameter section across all trials) and lowest moisture regain. Refer to 

Table Af.8a. 

Cotton fabric samples treated with acidic acid (vinegar) had higher MR values 

and pollen counts compared to the untreated group. The heaviest fabric (C3) had the 

second highest amount of attached pollen (1.6-4.2 particles per 3/4” diameter section 

across all trials) and had the highest MR value. The second heaviest fabric (C2) had the 

highest amount of attached pollen (1.2-5.2 particles per 3/4” diameter section across all 

trials) and was the second highest MR value. The lightest fabric (C1) had the lowest MR 

and the least amount of attached pollen (1.2-3.2 particles per ¾” diameter section). Refer 

to Table Af.8a. 

The basic (ammonia) treatment on cotton fabric samples resulted in higher 

moisture regain values than the untreated group. Pollen counts for the basic group were 

similar to the acidic acid (vinegar) treatment (ranging from 1-4 particles per 3/4” 

diameter section across all trials for all samples) but were still lower than the untreated 

group. Cotton 1 the lightest of the fabrics had the lowest MR value and the second 

highest pollen count (1.2-3.6 particles per 3/4” diameter section across all trials). The 

heaviest fabric (C3) had both the highest MR value and pollen count (2-4.0 particles per 

3/4” diameter section across all trials). Cotton 2 had the second highest MR and the 

lowest pollen count (1-1.6 particles per ¾” diameter section). Refer to Table Af.8a.  

For the final treatment on cotton fabric samples, fabric softener raised the amount 

of attached pollen compared to the acidic acid (vinegar) and basic treatments while 

overall fabric samples’ moisture regain decreased. The lightest fabric (C1) had the 



265 
 

 

greatest amount of attached pollen (3-6.4 particles per 3/4” diameter section across all 

trials) with the lowest MR value. Cotton 2 was the second highest MR value and pollen 

count (1.6-5.6 particles per 3/4” diameter section across all trials) out of the fabric 

softener treated fabric samples. The heaviest of the cotton fabrics (C3) had the highest 

MR value and the lowest pollen count (1.8-5.6 particles per 3/4” diameter section across 

all trials). Refer to Table Af.8a. 

 

 

Table Af.8b Nylon fabric samples’ MR values ranked highest to lowest with average pollen count across all trials 

Untreated Acid Treated 

Fabric 

MR 

(%) ± 

SD 

 

Avg. PC ± SD 
Fabric 

MR (%) 

± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

N1 
4.82 ± 

0.19 

14 ± 

3.1 

13.4 ± 

5.4 

10.8 ± 

3.7 

13.4 ± 

2.8 
N1 

4.58 ± 

0.19 

1.8 ± 

1.8 

5 ± 

4.1 

3.8 ± 

1.9 

2.2 ± 

1.3 

N3 
4.38 ± 

0.38 

17.8 

±5.7 

19.6 ± 

8.4 

12.2 ± 

2.6 

10.4 ± 

2.4 
N3 

4.54 ± 

0.20 

4.6 ± 

2.3 

4.8 ± 

5.9 

3.4 ± 

1.1 

2 ± 

0.7 

N2 
3.86 ± 

0.38 

32.6 

± 8.3 
15 ± 7.6 

11.6 ± 

2.6 

10.6 ± 

2.1 
N2 

4.00 ± 

0.19 

12.6 ± 

7.1 

5.8 ± 

1.6 

2 ± 

2.6 

3 ± 

1.6 

Basic Treated Fabric Softener Treated 

Fabric 

MR 

(%) ± 

SD 

 

Avg. PC ± SD 
Fabric 

MR (%) 

± SD 

 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

N1 
4.57 ± 

0.19 

5 ± 

8.5 

4.6 ± 

3.65 
3 ± 1.0 

2.6 ± 

1.1 
N1 

3.75 ± 

0.18 

9.4 ± 

3.4 

6 ± 

1.6 

5 ± 

1.6 

4.2 ± 

1.3 

N3 
4.56 ± 
0.18 

4.4 ± 
3.4 

9 ± 5.8 
2.6 ± 
1.14 

2.4 ± 
1.1 

N3 
3.73 ± 
0.18 

8 ± 5.6 
11 ± 
3.2 

6 ± 
2.0 

3.2 ± 
1.6 

N2 
4.26 ± 

0.19 

8.4 ± 

8.5 
3.8 ± 1.8 2.8 ± 0.8 

1.8 ± 

0.8 
N2 

3.29 ± 

0.09 

12.8 ± 

4.9 

7.8 ± 

3.0 

3 ± 

2.0 

3.6 ± 

1.5 

Key: MR (moisture regain), PC (pollen count) averaged across 5 locations 
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For the untreated nylon fabric samples, the heaviest sample (N1 – see Fabric 

Parameters Table 4.1) had the least amount of pollen (10.8-14 particles per 3/4” diameter 

section across all trials) and the highest MR value of the group. The second heaviest out 

of the group (N3) had the second highest rate of attached pollen (10.4-19.6 particles per 

3/4” diameter section across all trials) and the second highest MR value. Nylon 2 is the 

lightest out of the fabric samples and had the highest value for attached pollen (10.6-32.6 

particles per 3/4” diameter section across all trials) and the lowest MR value. Refer to 

Table Af.8b.  

Nylon fabric samples treated with acidic acid (vinegar) had lower MR values and 

pollen counts compared to the untreated group except for Nylon 1 which decreased from 

4.82% to 4.58%. The heaviest fabric (N1) had the second highest amount of attached 

pollen (1.8-5 particles per 3/4” diameter section across all trials) and had the highest MR 

value. The second heaviest fabric (N3) had the lowest amount of attached pollen (2-4.8 

particles per 3/4” diameter section across all trials) and had the second highest MR value. 

The lightest fabric (N2) had the lowest MR value and the greatest amount of attached 

pollen (2-12.6 particles per 3/4” diameter section across all trials). Refer to Table Af.8b. 

The basic (ammonia) treatment on nylon fabric samples resulted in similar pollen 

counts as shown in the acidic acid (vinegar) treatment. Nylon 2 the lightest of the fabrics, 

had the lowest MR value and the second highest pollen count (1.8-8.4 particles per 3/4” 

diameter section across all trials). The heaviest fabric (N1) had the highest MR value and 

the lowest pollen count (2.4-5 particles per 3/4” diameter section across all trials). Nylon 
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3 had the second highest MR value and the highest pollen count (2.4-9 particles per 3/4” 

diameter section across all trials) of the treatment group. Refer to Table Af.8b. 

Nylon fabric samples treated with fabric softener resulted in the second highest 

pollen count after the untreated group and had the lowest MR values. The second 

heaviest fabric (N3) had the second highest amount of attached pollen (3.2-11 particles 

per 3/4” diameter section across all trials) with the second highest MR value. Nylon 2 the 

lightest of the fabrics, had the lowest MR value and highest pollen count (3-12.8 particles 

per 3/4” diameter section across all trials). The heaviest of the nylon fabrics (N1) had the 

highest MR value and the lowest pollen count (4.2-9.4 particles per 3/4” diameter section 

across all trials). Refer to Table Af.8b. 

 

Table Af.8c Polyester fabric samples’ MR values ranked highest to lowest with average pollen count across all trials 
Untreated Acid Treated 

Fabric 

MR 

(%) ± 

SD 

Avg. PC ± SD 
Fabric 

MR (%) 

± SD 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

P3 
0.65 ± 

0.04 

10.4 ± 

5.6 

8.8 ± 

1.9 

4.6 ± 

2.5 

3.2 ± 

2.2 
P2 

0.71 ± 

0.04 

2.2± 

1.5 

2.2 ± 

2.3 

1.4 ± 

1.3 

1.0  

± 0.7 

P2 
0.61 ± 

0.04 

6.4 ± 

4.4 

5.6 ± 

2.1 

4 ± 

1.6 

5.6 ± 

2.1 
P3 

0.69 ± 

0.06 

2.4± 

2.5 

1.6 ± 

1.1 

0.8 ± 

0.8 

1.2 ± 

0.8 

P1 
0.57 ± 

0.09 

9.4 ± 

9.2 

6.2 ± 

4.0 

5.6 ± 

2.1 

4.6 ± 

2.1 
P1 

0.64 ± 

0.02 

1.4 ± 

1.3 

3.0 ± 

1.6 

1.0 ± 

0.7 

1.2 ± 

1.3 

Basic Treated Fabric Softener Treated 

Fabric 

MR 

(%) ± 

SD 

Avg. PC ± SD 
Fabric 

MR (%) 

± SD 

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

P2 
0.35 ± 

0.04 

11.0 ± 

9.2 

9.6 ± 

4.2 

5.2 ± 

1.9 

5.4 ± 

2.1 
P3 

0.53 ± 

0.04 

10 ± 

2.4 

12.0  ± 

1.3 

3.8 ± 

1.3 

7.0 ± 

1.1 

P3 
0.34 ± 

0.01 

10.0 ± 

4.69 

5.6 ± 

2.1 

3.6 ± 

1.1 

5.2 ± 

2.3 
P1 

0.40 ± 

0.04 

10.4 ± 

7.9 

7.6 ± 

4.4 

6.8 ± 

2.6 

4 .0± 

1.6 

P1 
0.32 ± 

0.09 

17.6 ± 

10.4 

13.2 ± 

5.9 

8.8 ± 

3.0 

7.8 ± 

3.7 
P2 

0.35 ± 

0.04 

8.6 ± 

8.3 

5.8 ± 

4.5 

6.2 ± 

2.9 

3.4 ± 

1.6 

Key: MR (moisture regain), PC (pollen count) averaged across 5 locations 
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For the untreated polyester fabric samples, the heaviest (P1 – see Fabric 

Parameters Table 4.1) had the second highest amount of pollen (4.6-9.4 particles per 3/4” 

diameter section across all trials) and the lowest MR value of the group. The second 

heaviest of the group (P2) had the lowest rate of attached pollen (4.0-6.4 particles per 

3/4” diameter section across all trials) and the second highest MR value. Polyester 3 is 

the lightest of the polyester fabrics and had the highest rate of attached pollen (3.2-10.4 

particles per 3/4” diameter section across all trials) and the highest MR value. Refer to 

Table Af.8c.  

 Polyester fabric samples treated with acidic acid (vinegar) had higher moisture 

regain values than the untreated group and a lower pollen count. The heaviest fabric (P1) 

had the highest amount of attached pollen (1-3 particles per 3/4” diameter section across 

all trials) and had the lowest MR value. The second heaviest fabric (P2) had the lowest 

amount of attached pollen (1-2.2 particles per 3/4” diameter section across all trials) and 

was the highest MR value. The lightest fabric (P3) had both the second highest MR value 

and amount of attached pollen (1-2.4 particles per 3/4” diameter section across all trials). 

Refer to Table Af.8c. 

The basic (ammonia) treatment on polyester fabric samples resulted in higher 

pollen counts than the untreated group and a decrease in moisture regain values. The 

lightest of the fabrics (P3) had the second highest MR value and the lowest pollen count 

(3-10 particles per 3/4” diameter section across all trials). The heaviest fabric (P1) had 

the lowest MR value and the highest pollen count (7.8-17.6 particles per 3/4” diameter 
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section across all trials). Polyester 2 had the highest MR value and second highest pollen 

count of the group (5.2-11 particles per 3/4” diameter section across all trials). Refer to 

Table Af.8c. 

Polyester fabric samples treated with fabric softener produced similar pollen 

count averages as the untreated group but moisture regain values were reduced. The 

second heaviest fabric (P2) had the least amount of attached pollen (3.4-8.6 particles per 

3/4” diameter section across all trials) with the lowest MR value. Polyester 3 the lightest 

of the fabrics, had both the highest MR value and pollen count (3.8-12 particles per 3/4” 

diameter section across all trials). The heaviest of the polyester fabrics (P1) had both the 

second highest MR value and pollen count (4-10.4 particles per 3/4” diameter section 

across all trials). Refer to Table Af.8c. 
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Table Af.8d Wool fabric samples’ MR values ranked highest to lowest with average pollen count across all trials 

Untreated Acid Treated 

Fabric 
MR (%) 

± SD  

Avg. PC ± SD 
Fabric 

MR (%) 

± SD  

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

W1 
13.72 ± 

0.23 

1.4 ± 

1.1 

2 ± 

1.6 

1.2 ± 

0.8 

0.8 ± 

0.8 
W1 

13.04 ± 

0.23 

4 ± 

3.2 

3.6 ± 

1.1 

2.4 ± 

0.9 

0.8 ± 

0.8 

W3 
13.68 ± 

0.23 

3.6 ± 

3.1 

2.8 ± 

2.7 

1.6 ± 

1.1 

1.2 ± 

1.3 
W3 

13.01 ± 

0.23 

2.8 ± 

0.8 

2 ± 

1.6 

0.6 ± 

0.9 

2 ± 

0.7 

W2 
12.81 ± 

0.44 

2 ± 

2.0 

2.2 ± 

1.5 

1.0 ± 

1.0 

1.4 ± 

1.3 
W2 

12.17 ± 

0.22 

2.6 ± 

1.8 

2.8 ± 

1.9 

1.8 ± 

1.8 

1.4 ± 

1.1 

Basic Treated Fabric Softener Treated 

Fabric 
MR (%) 

± SD  

Avg. PC ± SD 
Fabric 

MR (%) 

± SD  

Avg. PC ± SD 

25mg 10mg 5mg 2mg 25mg 10mg 5mg 2mg 

W1 
13.23 ± 

0.04 

4 ± 

2.0 

3 ± 

1.6 

1.6 ± 

1.1 

0.8 ± 

0.8 
W1 

13.72 ± 

0.11 

3.8 ± 

3.6 

1.6 ± 

1.1 

1.6 ± 

1.1 

1 ± 

1.0 

W3 
12.91 ± 

0.04 
3.8 ± 
2.6 

1.6 ± 
1.1 

1.2 ± 
0.8 

1.6 ± 
1.1 

W3 
13.48 ± 

0.11 
1.8 ± 

18 
2.4 ± 
1.1 

1.2 ± 
0.8 

0.8 ± 
0.8 

W2 
12.21 ± 

0.11 

2 ± 

1.6 

3.4 ± 

1.1 

1.8 ± 

1.3 

1.8 ± 

1.3 
W2 

12.96 ± 

0.12 

2.2 ± 

0.8 

2 ± 

1.6 

0.8 ± 

0.8 

1.4 ± 

1.1 

Key: MR (moisture regain), PC (pollen count) averaged across 5 locations 

 

For the untreated wool fabric samples the heaviest (W3 – see Fabric Parameters 

Table 4.1) had the highest amount of pollen (1.2-3.6 particles per 3/4” diameter section 

across all trials ) and the second highest MR value of the group. The second heaviest of 

the group (W2) had the second highest rate of attached pollen (1.2-2.2 particles per 3/4” 

diameter section across all trials) and the lowest MR value. Wool1 is the lightest of the 

wool fabrics and had the lowest values for attached pollen (1-2 particles per 3/4” 

diameter section across all trials) and the highest MR value. Refer to Table Af.8d.  

 Wool fabric samples treated with acidic acid (vinegar) had lower moisture regain 

values than the untreated group but with similar pollen counts. The heaviest fabric (W3) 
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had the lowest amount of attached pollen (1-2.8 particles per 3/4” diameter section across 

all trials) and the second highest MR value. The second heaviest fabric (W2) had the 

second highest amount of attached pollen (1.4-2.8) and was the lowest MR value. The 

lightest fabric (W1) had both the highest MR value and amount of attached pollen (1-4 

particles per 3/4” diameter section across all trials). Refer to Table Af.8d. 

The basic (ammonia) treatment on wool fabric samples resulted in similar pollen 

counts as shown in the acidic acid (vinegar) treatment and the lowest MR values of the 

treatment groups. Wool 1 the lightest of the fabrics, had the highest MR value and the 

highest pollen count (1-4 particles per 3/4” diameter section across all trials). The 

heaviest fabric (W3) had the second highest MR value and the highest pollen count (1.2-

3.8 particles per 3/4” diameter section across all trials). Wool 2 had both the lowest MR 

value time and pollen count of the group (1.8-3.4 particles per 3/4” diameter section 

across all trials). Refer to Table Af.8d. 

Wool fabric samples treated with fabric softener produced similar pollen count 

averages and moisture regain values as the untreated group. The second heaviest fabric 

(W2) had the lowest amount of attached pollen ( 1-2.2 particles per 3/4” diameter section 

across all trials) with the lowest MR value. Wool 1 the lightest of the fabrics, had both 

the  highest MR value and pollen count (1-3.8 particles per 3/4” diameter section across 

all trials). The heaviest of the wool fabrics (W3) had both the second highest MR value 

and pollen count (1-2.4 particles per 3/4” diameter section across all trials). Refer to 

Table Af.8d. 
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In summary, there is consistency in wool fabric samples’ high MR values and the 

lower rate of pollen attraction. However, there is no consistency among the other fiber 

fabrics and pollen count collected for all fiber fabrics samples. This disparity may be due 

to varying fabric structures, yarn weight, yarn size, the dyeing and finishing process, and 

the relative humidity and temperature of the test area.  

Wool fabric samples had the highest MR across all treatments within the fibers 

and the lowest pollen count in all trials with the exception of acidic acid (vinegar) treated 

polyester 1 in the 5mg & 2mg trials, acidic acid (vinegar) polyester 3 in the 10mg trial, 

basic (ammonia) treated cotton 2 in the 2mg trial, and basic (ammonia) treated cotton 1 in 

the 10mg & 2mg trials.  Results from the pollen exposure experiments show that each 

fabric group (i.e. cotton, wool, nylon, and polyester) had both positive and negative 

relationships between MR values and pollen counts in each trial (i.e. 25mg, 10mg, 5mg, 

and 2mg) and some of the fabrics show both a positive and negative trend for the same 

treatment among different trials. Fabrics samples had 26 significant relationships between 

MR and pollen count (positive and negative). Overall, there were 5 significant 

relationships between untreated fabrics’ MR and pollen count, 7 acidic acid (vinegar) 

treated fabrics’ MR and pollen count, 8 basic (ammonia) treated fabrics’ MR and pollen 

count, and 6 fabric softener treated fabrics’ MR and pollen count. There were a total of 8 

positive relationships and 18 negative.  

Table Af.9 shows all fabric samples across all trials and treatments organized by 

weight (heavy, medium, light), moisture regain percentage (high, medium and low), and 

pollen count (high, medium, and low). Although the results did not show any consistent 
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relationship between MR and pollen counts within each fiber fabric, when looking at the 

relationship between fabric parameters and the pollen counts, there appears to be a trend 

with heavy weight fabrics having a high MR and low pollen count while lighter fabrics 

have both a high MR and pollen count across all trials and treatments. 

 

 

 

 

Table Af.9 Comparison of Fabric Sample Moisture Regain and Pollen Count 

Moisture Regain 

Weight/MR/PC Fabrics Total 

Heavy Weight 

Hv, LMR, MPC P1 1 

Hv, HMR, LPC C3, N1 x3, W3 5 

Hv, HMR, HPC C3 1 

Hv, MMR, HPC W3 1 

Hv, MMR, MPC P1, W3 x2 3 

Hv, HMR, MPC C3 x2,  N1 3 

Hv, LMR, HPC P1 x2 2 

   
Medium Weight 

MHv, HMR, MPC P2 1 

MHv, LMR, LPC P2, W2 x2 3 

MHv, HMR, LPC P2 1 

MHv, MMR, HPC C2 x2 2 

MHv, MMR, MPC N3 x2 2 

MHv, HMR, HPC N3 1 

MHv, MMR, LPC C2 x2, N3, P2 4 

MHv, LMR, MPC W2 x2 2 

   Light Weight 

Lt, LMR, LPC C1 1 

Lt, LMR, MPC C1, N2, P3 3 

Lt, HMR, LPC W1 1 

Lt, MMR, LPC C1, P3 2 

Lt, HMR, HPC P3 x2,  W1 x3 5 

Lt, LMR, HPC C1, N2 x3 4 

Key: Hv=heaviest, Lt=lightest, M=medium or second heaviest/highest, H=highest, L=lowest, MR=moisture regain, 

PC=pollen count. (Example Hv,LMR, HPC=heaviest fabric, lowest moisture regain, highest pollen count)
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Relationship between Moisture Regain and Pollen Attraction Across Fiber 

 

 

 

In this section, the relationships between fabric moisture regain and 25mg, 10mg, 

and 2mg pollen counts across each fiber type were presented. Table Af.10 shows the 

results of the fiber groups average pollen count across the fabric samples and the fabric 

sample moisture regain averaged across the fabric samples. Moisture regain ranking was 

established by averaging over the 6 values for each fiber fabric group (3 fabrics x 2 MR 

values) creating a single number for that fiber group. Pollen count ranking was 

established by averaging over the 15 values for each fiber fabric group (3 fabrics x 5 

pollen count locations) creating a single number for the fiber group.  
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Table Af.10 Comparison across fiber moisture regain and pollen count ranking 

Treatment 
Order 

(Highest to Lowest) 

Avg. MR  

Ranking (%) 

25mg Avg. 

PC Ranking 

10mg Avg. 

PC Ranking 

2mg Avg. 

PC Ranking 

Untreated 

1 Wool (13.40) Nylon (21.47) Nylon (16.00) Nylon (11.47) 

2 Cotton (7.91) Cotton (9.60) Cotton (7.40) Polyester (4.47) 

3 Nylon (4.35) Polyester (8.73) Polyester (6.87) Cotton (4.27) 

4 Polyester (0.61) Wool (2.33) Wool (2.33) Wool (1.13) 

Acid 

1 Wool (12.74) Nylon (6.33) Nylon (5.20) Nylon (2.33) 

2 Cotton (8.42) Cotton (3.53) Cotton (2.93) Cotton (1.53) 

3 Nylon (4.37) Wool (3.13) Wool (2.80) Wool (1.40) 

4 Polyester (0.68) Polyester (2.13) Polyester (2.33) Polyester (1.13) 

Basic 

1 Wool (12.78) Polyester (12.87) Polyester (9.47) Polyester (6.07) 

2 Cotton (8.68) Nylon (5.93) Nylon (5.80) Nylon (2.20) 

3 Nylon (4.46) Wool (3.27) Cotton (2.73) Cotton (1.47) 

4 Polyester (0.33) Cotton (2.47) Wool (2.67) Wool (1.40) 

Fabric Softener 

1 Wool (13.38) Nylon (10.07) Polyester (8.47) Polyester (4.80) 

2 Cotton (7.17) Polyester (9.67) Nylon (8.20) Nylon (3.60) 

3 Nylon (3.59) Cotton (5.00) Cotton (4.80) Cotton (2.20) 

4 Polyester (0.42) Wool (2.60) Wool (2.00) Wool (1.07) 
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Untreated     For the untreated group the fiber type average moisture regain 

resulted in wool fabric swatches being the highest followed by cotton, nylon, and 

polyester.  Untreated wool fabric samples had the highest average moisture regain but the 

lowest pollen count across all fibers. In comparison, the fiber group average for pollen 

count in the 25mg and 10mg trials resulted in nylon fabric samples having the highest 

overall pollen count followed by cotton, polyester, and wool. For the 2mg trial, nylon had 

the highest fiber group average followed by polyester, cotton, and wool. In this trial, 

cotton fabric samples had a higher average pollen count than the polyester samples. Refer 

to Table Af.10. 

 

Acid     For the acidic acid (vinegar) treated fiber groups wool had the highest 

average moisture regain followed by cotton, nylon, and polyester fabric samples. In 

comparison, the average pollen count across the fiber groups resulted in nylon having the  

highest pollen count followed by cotton, wool, and polyester for all trials. Refer to Table 

Af.10. 

 

Basic     Across fabric samples treated with basic (ammonia) resulted in wool 

samples having the highest moisture regain followed by cotton, nylon, and polyester. For 

the 25mg trial, polyester fabric samples had the highest pollen count followed by nylon, 

wool, and cotton. The 10mg and 2mg trials resulted in the same order for highest to 

lowest pollen count with polyester, nylon, cotton, and wool. The ranking order of fabric 

samples’ pollen count in the 10mg and 2mg trials (polyester, nylon, cotton, and wool) are 
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the opposite order observed in the moisture regain ranking (wool, cotton, nylon, and 

polyester). Refer to Table Af.10. 

 

Fabric Softener     Fabric samples treated with fabric softener resulted in wool 

having the highest average moisture regain followed by cotton, nylon, and polyester. For 

the 25mg trial, pollen count ranking order was nylon, polyester, cotton, and wool. The 

10mg and 2mg trials resulted in the same order for highest to lowest pollen count with 

polyester, nylon, cotton, and wool. The ranking order of fabric samples’ pollen count in 

the 10mg and 2mg trials (polyester, nylon, cotton, and wool) are the opposite order 

observed in the moisture regain ranking (wool, cotton, nylon, and polyester). Refer to 

Table Af.10. 

 

Discussion 

 

 In summary, there is a consistent relationship between basic (ammonia) and fabric 

softener treated fabric samples’ moisture regain and pollen count in the 10mg and 2mg 

trials. In these trials and treatments the ranking order for moisture regain is the opposite 

of the pollen count ranking order for the fabric samples. Wool fabric samples displayed 

the highest average moisture regain in both treatments but had the lowest pollen count in 

the 10mg and 2mg trials. Similarly, cotton fabric samples averaged second highest 

moisture regain across fibers but was ranked third in overall pollen count. Nylon fabric 

samples ranked third in average moisture regain but had the second highest rate of pollen 
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attraction. Polyester fabric samples in these treatments were ranked last for moisture 

regain but had the highest pollen count across all fibers.  

 

 

Relationship between Moisture Regain and Pollen Attraction Across Fabric 

 

In this section, the relationship between fabric moisture regain and the 25mg, 

10mg, and 2mg pollen counts across fabrics were presented. Tables Af.11a through 4.11c 

show the results of each individual fabric sample’s average moisture regain percentage 

(MR) in comparison to the fabric sample’s average pollen count ranking from highest to 

lowest.  

 

 

Table Af.11a Fabric sample moisture regain and 25mg pollen count trial rankings across fabrics  

Rank 
Un. MR 

(%) 
Un.  PC 25mg Acid MR (%) 

Acid  

PC 25mg 

Basic MR 

(%) 

Basic  

PC 25mg 

Fab. Soft.  

MR (%) 

Fab. 

Soft.  

PC 

25mg 

1 
W1 

(13.72) 
N2 (32.6) W1 (13.04) N2 (12.6) W1 (13.23) P1 (17.6) 

W1 
(13.72) 

N2 
(12.8) 

2 
W3 

(13.68) 
N3 (17.8) W3 (13.01) C2 (5.2) W3 (12.91) P2 (11.0) 

W3 

(13.48) 

P1 

(10.4) 

3 
W2 

(12.81) 
N1 (14.0) W2 (12.17) N3 (4.6) W2 (12.21) P3 (10.0) 

W2 
(12.96) 

P3 
(10.0) 

4 C3 (8.31) C2 (12.0) C3 (8.82) C3 (4.2) C3 (8.80) N2 (8.4) C3 (7.27) N1 (9.4) 

5 C2 (8.07) C1 (10.8) C2 (8.51) W1 (4.0) C2 (8.73) N1 (5.0) C2 (7.12) P2 (8.6) 

6 C1 (7.36) P3 (10.4) C1 (7.94) W3 (2.8) C1 (8.51) N3 (4.4) C1 (7.11) N3 (8.0) 

7 N1 (4.82) P1 (9.4) N1 (4.58) W2 (2.6) N! (4.57) W1 (4.0) N1 (3.75) C1 (6.4) 

8 N3 (4.38) P2 (6.4) N3 (4.54) P3 (2.4) N3 (4.56) W3 (3.8) N3 (3.73) C3 (5.6) 

9 N2 (3.86) C3 (6.0) N2 (4.00) P2 (2.2) N2 (4.26) C1 (3.6) N2 (3.29) W1 (3.8) 

10 P3 (0.65) W3 (3.6) P2 (0.71) N1 (1.8) P2 (0.35) C3 (2.6) P3 (0.53) C2 (3.0) 

11 P2 (0.61) W2 (2.0) P3 (0.69) P1 (1.4) P3 (0.34) W2 (2.0) P1 (0.40) W2 (2.2) 

12 P1 (0.57) W1 (1.4) P1 (0.64) C1 (1.2) P1 (0.32) C2 (1.2) P2 (0.35) W3 (1.8) 

Key: Rank from high to low. MR (%), PC value is averaged across 5- ¾” diameter locations on fabric swatch 

 

 
 

 

 



279 
 

 

 

Table Af.11b Fabric sample moisture regain and 10mg pollen count trial rankings across fabrics 

Rank 
Un. MR  

(%) 

Un. PC  

10mg 
Acid MR (%) 

Acid PC  

10mg 
Basic MR (%) 

Basic 

PC 10mg 

Fab. Soft.  

MR (%) 

Fab.Soft.  

PC 10mg 

1 W1 (13.72) N3 (19.6) W1 (13.04) N2 (5.8) W1 (13.23) P1 (13.2) W1 (13.72) P3 (12) 

2 W3 (13.68) N2 (15.0) W3 (13.01) N1 (5.0) W3 (12.91) P2 (9.6) W3 (13.48) N3 (11.0) 

3 W2 (12.81) 
N1 (13.4) 

W2 (12.17) 
N3 (4.8) 

W2 (12.21) 
N3 (9.0) 

W2 (12.96) 
N2 (7.8) 

4 C3 (8.31) P3 (8.8) C3 (8.82) W1 (3.6) C3 (8.80) P3 (5.6) C3 (7.27) P1 (7.6) 

5 C2 (8.07) C1 (8.4) C2 (8.51) C3 (3.4) C2 (8.73) N1 (4.6) C2 (7.12) N1 (6.0) 

6 C1 (7.36) C2 (8.2) C1 (7.94) C1 (3.2) C1 (8.51) C3 (4.0) C1 (7.11) P2 (5.8) 

7 N1 (4.82) P1 (6.2) N1 (4.58) P1 (3.0) N1 (4.57) N2 (3.8) N1 (3.75) C2 (5.6) 

8 N3 (4.38) C3 (5.8) N3 (4.54) W2 (2.8) N3 (4.56) W2 (3.4) N2 (3.29) C1 (5.2) 

9 N2 (3.86) 
P2 (5.6) 

N2 (4.00) 
C2 (2.4) 

N2 (4.26) 
W1 (3.0) N3 (3.73) 

C3 (3.6) 

10 P3 (0.65) W3  (2.8) P2 (0.71) P2 (2.2) P2 (0.35) C1 (2.6) P3 (0.53) W3 (2.4) 

11 P2 (0.61) W2 (2.2) P3 (0.69) W3 (2.0) P3 (0.34) C2 (1.6) P1 (0.40) W2 (2.0) 

12 P1 (0.57) 
W1 (2.0) 

P1 (0.64) 
P3 (1.6) 

P1 (0.32) 
W3 (1.6) P2 (0.35) 

W1 (1.6) 

Key: Rank from high to low. MR (%), PC value is averaged across 5- ¾” diameter locations on fabric swatch 

 

 
Table Af.11c Fabric sample moisture regain and 2mg pollen count trial rankings across fabrics 

Rank 
Untreated 

EC 

Untreated 

PC 2mg 

Acid 

EC 

Acid 

PC 2mg 

Basic 

EC 

Basic 

PC 2mg 

Fab. Soft. 

EC 

Fab. Soft. 

PC 2mg 

1 W1 (13.72) N1 (13.4) W1 (13.04) N2 (3.0) W1 (13.23) P1 (7.8) W1 (13.72) P3 (7.0) 

2 W3 (13.68) N2 (10.6) W3 (13.01) N1 (2.2) W3 (12.91) P2 (5.4) W3 (13.48) N1 (4.2) 

3 W2 (12.81) N3 (10.4) W2 (12.17) N3 (2.0) W2 (12.21) P3 (5.2) W2 (12.96) P1 (4.0) 

4 C3 (8.31) P2 (5.6) C3 (8.82) W3 (2.0) C3 (8.80) N1 (2.6) C3 (7.27) N2 (3.6) 

5 C2 (8.07) P1 (4.6) C2 (8.51) C1 (1.8) C2 (8.73) N3 (2.4) C2 (7.12) P2 (3.4) 

6 C1 (7.36) C2 (4.4) C1 (7.94) C3 (1.6) C1 (8.51) C3 (2.0) C1 (7.11) N3 (3.2) 

7 
N1 (4.82) C1 (4.2) N1 (4.58) W2 (1.4) N1 (4.57) 

N2 (1.8) 
± 0.8 N1 (3.75) C1 (3.0) 

8 
N3 (4.38) C3 (4.0) N3 (4.54) 

P3 (1.2) 

± 0.8 N3 (4.56) 

W2 (1.8) 

± 1.3 N3 (3.73) C3 (2.0) 

9 
N2 (3.86) P3 (3.2) N2 (4.00) 

P1 (1.2) 
± 1.3 N2 (4.26) W3 (1.6) N2 (3.29) C2 (1.6) 

10 
P3 (0.65) W2 (1.4) P2 (0.71) 

C2 (1.2) 

± 1.6 P2 (0.35) C1 (1.2) P3 (0.53) W2 (1.4) 

11 P2 (0.61) W3 (1.2) P3 (0.69) P2 (1.0) P3 (0.34) C2 (1.0) P1 (0.40) W1 (1.0) 

12 P1 (0.57) W1 (0.8) P1 (0.64) W1 (0.8) P1 (0.32) W1 (0.8) P2 (0.35) W3 (0.8) 
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Discussion 

  

In the 25mg trial (refer to Table Af.11a), wool and cotton fabric samples made up 

the first 6 rankings for MR in the untreated, acidic acid (vinegar), and basic (ammonia), 

fabric softener treatments. For this trial, untreated wool fabric samples ranked first 

through third in MR but were 9th, 11th, and 12th in PC ranking. In both the basic 

(ammonia) and fabric softener treatments the top 6 rankings for MR (wool 1-3 and cotton 

1-3) comprise the bottom 6 in the PC rankings.  

For the 10mg trial (refer to Table Af.11b), wool and cotton fabric samples made 

up the first 6 rankings for MR in the untreated, acidic acid (vinegar), and basic 

(ammonia), fabric softener treatments. For this trial, untreated wool fabric samples 

ranked first through third in MR but were 10th through 12th in PC ranking. In the fabric 

softener treatment the top 6 rankings for MR (wool 1-3 and cotton 1-3) comprise the 

bottom 6 in the PC rankings.  

 For the 2mg trial (refer to Table Af.11c), wool and cotton fabric samples made up 

the first 6 rankings for MR in the untreated, acidic acid (vinegar), and basic (ammonia), 

fabric softener treatments. For this trial, untreated and fabric softener treated wool fabric 

samples ranked first through third in MR but were 10th through 12th in PC ranking. 

Polyester fabric samples treated with basic (ammonia) ranked 10th through 12th in average 

MR while their counterparts ranked first through third in PC ranking. Fabric softener 

treated cotton fabric samples ranked 4th through 6th in average MR while their 

counterparts ranked 7th through 9th in average pollen count.  
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In summary, there is no apparent matching ranking order across fabrics for 

moisture regain and pollen count with the exception of untreated and fabric softener 

treated wool fabric samples in the 10mg and 2mg trials.  

 




